新規片頭痛予防薬としての5-HT2B, 5-HT7受容体二重拮抗薬の合成と構造活性相関に関する研究 by 森友, 紋子 & MORITOMO, Ayako
  
 
 
新規片頭痛予防薬としての 5-HT2B, 5-HT7受容体 
二重拮抗薬の合成と構造活性相関に関する研究 
 
 
 
 
 
 
 
2015 年 
 
森友 紋子 
 
  
i 
目次 
 
序論 .................................................................................................................................................. 1 
 
本論 
第一章 ハイスループットスクリーニング（HTS）を用いる 5-HT2B, 5-HT7二重拮抗薬探索 
第一節 HTS ヒットと課題 ........................................................................................................... 10 
第二節 化合物の合成方針 ........................................................................................................... 11 
第三節 化合物の合成................................................................................................................... 12 
第四節 化合物の薬理評価結果と考察 ......................................................................................... 16 
第五節 まとめ ............................................................................................................................. 26 
第二章 フルオレンカルボニルグアニジンへの置換基導入誘導体の合成と構造活性相関 
第一節 経口活性向上を目指して ................................................................................................ 27 
第二節 ドッキングスタディと化合物の合成方針 ....................................................................... 29 
第三節 化合物の合成................................................................................................................... 35 
第四節 化合物の薬理評価結果と考察 ......................................................................................... 40 
第五節 まとめ ............................................................................................................................. 50 
第三章 フルオレンカルボニルグアニジンへの 9 位置換基導入誘導体合成と構造活性相関、光学分
割体の取得 
第一節 さらなる経口活性向上を目指して .................................................................................. 51 
第二節 化合物の合成方針 ........................................................................................................... 52 
ii 
第三節 化合物の合成................................................................................................................... 53 
第四節 化合物の薬理評価結果と考察 ......................................................................................... 58 
第五節 光学分割検討................................................................................................................... 65 
第六節 光学分割体の薬理評価結果と考察 .................................................................................. 71 
第七節 まとめ ............................................................................................................................. 74 
 
結論  .................................................................................................................................................. 75 
 
謝辞  .................................................................................................................................................. 77 
 
実験の部  .......................................................................................................................................... 78 
 
参考文献  ........................................................................................................................................ 139 
 
主論文目録  .................................................................................................................................... 143 
 
論文審査の主査および副査名  .................................................................................................... 144 
 
  
iii 
略語表 
 
本論文において以下に示す略語及び略号を用いた。 
 
5-CT  5-carboxamidotryptamine 
5-HT  5-hydroxytryptamine 
Ac  acetyl 
AIBN  azobisisobutyronitrile 
allyl  2-propenyl 
aq  aqueous 
Asp  asparagine 
Bn  benzyl 
Boc  tert-butoxycarbonyl 
cAMP  cyclic adenosine 3’,5’-monophosphate 
cat.  catalytic 
CDI  1,1’-carbonyldiimidazole 
CGRP  calcitonin generelated peptide 
CHO  chinese hamster ovary 
conc.  concentrated 
CSD  cortical spreading depression 
Cys  cysteine 
DAST  N, N-diethylaminosulfur trifluoride 
DBU  1,8-diazabicyclo[5.4.0]undec-7-ene 
DEA  diethanolamine 
DME  dimethoxyethane 
DMF  N, N-dimethylformamide 
DMSO  dimethyl sulfoxide 
iv 
ee  enantiomeric excess 
Et  ethyl 
F  bioavailability 
Fa  fraction absorbed 
FDA  Food and Drug Administration 
Fg  fraction escaping gut-wall elimination 
Fh  fraction escaping hepatic elimination 
GMP  good manufacuturing practice 
GPCR  G-Protein coupled receptor 
h  hour(s) 
HPLC  high performance liquid chromatography 
HTS  high-throughput screening 
IC50  half inhibition concentration 
ICL  intra cellular loop 
i.p.  intraperitoneally 
i-Pr  iso-propyl 
IPs  Inositol n phosphate 
IR  infrared 
i.v.  intravenous 
LAH  lithium alminium hydride 
m-CPBA m-chloroperbenzoic acid 
mCPP  m-chlorophenylpiperazine 
Me  methyl 
MED  minimum effective dose 
min  minute(s) 
Mp  melting point 
MS  mass spectra 
v 
n-Bu  n-buthyl 
n-Pr  n-propyl 
NBS  N-bromosuccinimide 
NO  nitric oxide 
PDB  protein data bank 
Ph  phenyl 
Phe  phenyl alanine 
PI  Phosphatidylinositol 
p.o.  per os 
PPA  polyphosphoric acid 
quant.  quantitative 
rt  room temperature 
Ser  serine 
SubP  substance P 
t-Bu  tert-butyl 
TEGS  trigeminal ganglion 
TFA  trifluoroacetic acid 
THF  tetrahydrofuran 
TMS  trimethylsilyl 
TPSA  topological polar surface area 
Ts  p-toluenesulfonyl 
Tyr  tyrosine 
Val  valine 
VCD  vibrational curcular dichroism spect 
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序論 
 
片頭痛を取り巻く環境 
 
片頭痛は、頭の片側または両側の主にこめかみあたりから目のあたりに、ズキンズキン
と拍動性の強い痛みが発生し、数時間から三日間程度持続する発作性の頭痛である。また、
片頭痛は周期的に発生し、通常 1 か月に 1～2 回の頻度で出現するが、多い人では 1 週間に
1～2 回の頻度で頭痛発作を起こすこともある。発作の直前に目の前がチカチカしたりする
閃輝暗点（視覚前兆）を伴う場合もある。さらに、頭痛の最中に吐き気、嘔吐を伴うこと
が多い。その上、頭痛の最中には光や音に過敏となり、日常的な動作により痛みが増強さ
れることがある。そのため、日常生活や社会生活に支障をきたし、個人の健康寿命損失や
労働不能にも繋がるとされている 1a-h)。 
日本における片頭痛の有病率は 8.4%である 1a-h)。日常生活において、いつも寝込む：4%、
時々寝込む：30%、寝込まないが支障あり：40% と、片頭痛患者全体の 74%にわたり支障
をきたしていることが報告されている 1h)。慢性頭痛に関する調査によると、普段から頭痛
に悩んでいる被験者のうち、47.7%に「片頭痛」と思われる頭痛タイプが見られている 1i)。
男女比では、約 1 対 4 と男性よりも女性に圧倒的に有病率が高く、特に、20 歳代から 40
歳代に集中している 1a-h)。 
 
片頭痛発生機序 
 
片頭痛発生機序について、脳血管が収縮して前兆などの局所神経虚血症状を生じる血管
説 1j)、脳皮質の脱分極が引き金とされる神経説 1k)、三叉神経を中心とした神経血管に関す
る説 1a)など諸説あるが、そのいずれもが病態全体の説明として完全に満足させるものでは
ない。しかし、「片頭痛とは 5-HT（セロトニン）の生体内での異常反応によって惹起され
る硬膜血管の拡張と炎症に伴って起こる拍動性の頭痛である」という説が有力視されてい
る 1b,d,f,g)。脳の血管は、収縮と拡張を繰り返し、脳血流量を一定に保つように調整してお
2 
り、調整を担っているのが血液中の血小板から放出される 5-HT である。片頭痛患者にお
いては、ストレスなどの外部要因により、第一段階として凝集した血小板から 5-HT が大
量に放出され、血中の 5-HT 濃度が突然増加して脳血管である硬膜血管が収縮することに
より血流が低下する。続いて、5-HT が代謝されることにより硬膜血管が急に拡張に転じる。
その結果、硬膜血管を取り囲む三叉神経を活性化して、サブスタンス P(SubP)などの血漿
蛋白やカルシトニン遺伝子関連ペプチド (CGRP)等の血管作動性のペプチドの放出が起こ
る。SubP や CGRP の放出は硬膜血管周辺の炎症を促進し、結果として激しい痛みを伴う片
頭痛が発症するとされる 2) (Figure 1)。 
 
Figure 1. 片頭痛病態仮説 
 
さらに、5-HT と片頭痛との関連を裏付けるデータとして、5-HT の持
続投与が片頭痛を誘発する 3)、5-HT 受容体作動薬であるメタクロロフェ
ニルピペラジン(mCPP)が片頭痛を誘発する 4)、片頭痛の発作中血中の
5-HT 量が低下する 5)、片頭痛発作に依存して尿中の 5-HT 代謝物排出が
増加する 6)、といった事実が知られており、5-HT と片頭痛の強い因果関係が示唆されてい
3 
る。 
 
片頭痛の病態経過と薬剤投与タイミング 
 
 
Figure 2. 片頭痛の病態経過と薬剤投与タイミング 
 
片頭痛を標的とした薬剤は予防薬と治療薬とに二分される。Table 1 に、本邦で片頭痛治
療に用いられている代表的な薬物、主な副作用をまとめた。予防薬は片頭痛発症前に予防
的に薬剤を最低三か月程度連続投与し、頭痛発作の頻度を減らすことを目的とした薬剤で
ある(Figure 2)。予防薬として、ロメリジン、フルナリジン等のカルシウム拮抗薬、ピゾチ
フェン、メチセルジド等のセロトニン拮抗薬、プロプラノロール等のβ遮断薬等が使用さ
れているが、臨床効果が不十分かつ副作用が問題となっている。一方、治療薬は、頭痛発
作発現後に薬剤を服用し、急性症状である痛みの緩和を目的とした薬剤である。治療薬と
して、5-HT1B, 5-HT1D 受容体作動薬のトリプタン系薬剤であるスマトリプタンや、エルゴタ
ミン製剤等が上市されている。これらの治療薬は、前述の 5-HT と片頭痛の関連に基づい
た機序により脳血管の異常な拡張やむくみを抑制し効果を示すが、反復投与により反応性
が乏しくなることや、副作用として嘔吐が知られている。さらに、急性期治療薬の乱用は
薬剤乱用性頭痛を誘発するとされ、過剰服用の場合には片頭痛予防薬が必用とされる。さ
らに、心臓や脳、肝臓の病気や、高血圧、抑うつ状態などの併存症がある場合には併存症
にも有効な片頭痛予防薬を使用した方が良いとされ、予防的治療法の必要性が生じてくる
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場合が少なくない 1f,g,h,i)。 
Table 1. 本邦で片頭痛治療に用いられている代表的な薬物と主な副作用（含保険適用外） 
薬剤 機序 薬剤例 副作用 
予防薬 カルシウム拮抗薬 ロメリジン、フルナリジン 疲労、体重減少、鬱、
パーキンソン 
5-HT 拮抗薬 メチセルジド、ピゾチフェン 疲労、体重増加、めま
い、嘔吐、筋肉痛 
β遮断薬 プロプラノロール 除脈、低血圧、抑鬱、
睡眠障害 
治療薬 エルゴタミン製剤 エルゴタミン 悪心、嘔吐、めまい、
心血管系 
トリプタン製剤 スマトリプタン、ゾルミトリ
プタン 
血管収縮 
非ステロイド系抗炎症
薬(NSAIDs) 
アスピリン、アセトアミノ
フェン 
 
 
Figure 3. Table 1.に示した代表的な薬物の化学構造 
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5-HT(セロトニン)受容体サブタイプと片頭痛の関連 
 
5-HT はモノアミン神経伝達物質であり、5-HT 受容体を介して様々な生理活性作用が起
こる。5-HT は脳機能の調節に重要な役割を担うとされるが、生体内の大部分（約 95%）の
5-HT は末梢に存在する 7a)。5-HT 受容体は 5-HT1 から 5-HT7 の７つのファミリー、14 種類
のサブタイプに分類される 7b) (Figure 4 ,Table 2)。5-HT3 は陽イオンチャンネルであるが、
その他の 6 つの受容体ファミリーは、GTP 結合蛋白質共役型(GPCR)である。主な局在部位
として、5-HT1 は中枢神経終末等脳内に広く局在し、5-HT2 は血小板、消化管、血管、5-HT3
も脳内に広く局在、5-HT4 は海馬、胃腸管、5-HT5 は大脳皮質、海馬、5-HT6 も脳内に広く
局在、5-HT7 は血管、三叉神経節、消化管に存在する。主な生理機能として、5-HT1 は体温
調節、睡眠、摂食、性行動などに関わり、5-HT2 は血管、腸管、気管の収縮や血小板凝集、
5-HT3 は嘔吐作用等、5-HT4 は胃腸運動、5-HT5 は作用未知、5-HT6 は認知、睡眠、5-HT7
は概日リズム等に関わるとされる 7c)。 
 
Figure 4. 5-HT 受容体を介する作用（Learn. Mem. 2003 10: 373-386.より引用） 
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Table 2. 5-HT 受容体サブタイプと細胞内シグナル系、主な局在部位、生体内作用 
Family Subtype 細胞内シグナル系 局在 生体内作用 
5-HT1 5-HT1A Gi, adenylate 
cyclase↓, cAMP 
脳内に広く局在（縫線
核、海馬） 
体温調節・睡眠・性
行動 
5-HT1B 脳内に広く局在 摂食・睡眠・性行動
5-HT1D 神経終末 血管収縮 
5-HT1E 脳及び末梢  
5-HT1F 三叉神経  
5-HT2 5-HT2A Gq, phospholipase 
C↑, イノシトール
3 リン酸 
血小板、平滑筋、大脳皮
質 
不安・パニック・睡
眠・血小板凝集 
5-HT2B 硬膜血管、消化管、膀胱 血管拡張・摂食 
5-HT2C 中枢、視床下部 不安・パニック・摂
食 
5-HT3 5-HT3 Ion channel 脳内に広く局在、消化管
粘膜 
嘔吐・神経興奮・不
安 
5-HT4 5-HT4 Gs, adenylate 
cyclase↑, cAMP 
海馬、胃腸管 胃腸運動 
5-HT5 5-HT5A Gi, adenylate 
cyclase↓, cAMP 
大脳皮質、海馬 未知 
5-HT5B ‐ 海馬  
5-HT6 5-HT6 Gs, adenylate 
cyclase↑, cAMP 
脳内に広く局在（線条
体） 
認知・睡眠 
5-HT7 5-HT7 Gs, adenylate 
cyclase↑, cAMP 
硬膜血管、三叉神経節、
消化管、膀胱 
睡眠・概日リズム・
血管拡張 
7b, c)記載内容を著者がまとめ、訳した 
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最近、5-HT 受容体サブタイプの薬理学的な研究が増加し、片頭痛発症と 5-HT 受容体の
関連について以下の報告がある。5-HT2B 受容体拮抗薬がモルモット
mCPP 誘発硬膜血管外蛋白漏出を抑制する事 8)や、血管平滑筋上に局
在する 5-HT2B 受容体が一酸化窒素(NO)遊離を引き起こし、この NO が
三叉神経からのCGRPやSubP等の神経ペプチドの遊離を促進する 9)。
更に、選択的 5-HT2B 受容体拮抗薬である RS-127445 10)は、麻酔ラット
における mCPP 誘発硬膜血管外蛋白漏出抑制作用を示す 11)。一方、
5-HT7 受容体に関しては、三叉神経及び硬膜血管に存在し 12)、脳血管
平滑筋において 5-HT 誘発血管拡張作用 13) 及び硬膜血管外蛋白漏出促
進作用に関与している事が報告されている 14)。更に、5-HT7 受容体選
択的拮抗薬 SB-269970 15)が、ラット三叉神経ガングリオン誘発 CGRP
放出を部分的に抑制する事が報告されている 16)。以上の 5-HT2B および
5-HT7 の発現分布、機能、動物モデル実験報告から、両受容体が片頭
痛発症に関与することが示唆される。 
前述した 5-HT 拮抗薬であるピゾチフェン（Novartis 社）は、予防
薬として欧州で用いられている。本薬剤は、5-HT2A, 5-HT2B, 5-HT2C, 
5-HT7,アドレナリン受容体1, ドパミン受容体 D2, ムスカリン受容
体 M1 に高親和性を示し 17)、既存の片頭痛予防薬の中で有効性が高
いとされている。しかしながら、有効投与量で疲労感・眠気・めま
い（D2、M1、1 受容体）・体重増加（5-HT2c, D2 受容体）といった中枢性の副作用が報告さ
れている 18)。 
著者は、前述した 5-HT 受容体サブタイプに関する薬理学的研究とピゾチフェン親和性
報告から、ピゾチフェンの片頭痛予防作用が 5-HT2B, 5-HT7 受容体拮抗作用に基づき、ピゾ
チフェンが示す副作用がそれ以外の受容体への親和性に基づいていると考えた。そこで、
5-HT2B, 5-HT7 受容体拮抗作用に基づく片頭痛予防作用について検討を開始した。 
 
ピゾチフェン
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5-HT2B, 5-HT7 受容体二重拮抗と片頭痛予防 
 
5-HT2B, 5-HT7 受容体二重拮抗による効果を、オスモルモットを用いた片頭痛発作時の病
態モデル動物実験で確認した。蛍光標識蛋白を静脈内投与後、5-HT を静脈内投与し、片頭
痛発作発症時、生体内で確認されている血中 5-HT 過剰状態を模し、5-HT 投与により血管
透過性が亢進し硬膜血管から蛋白が漏出する。この漏出蛋白量を蛍光標識により測定する
動物モデルである。蛍光標識蛋白投与 30 分前に、化合物投与を行い、化合物による漏出蛋
白抑制効果を確認した。5-HT2B 受容体選択的拮抗薬である RS-127445 は、3 mg/kg 腹腔内
投与にて漏出蛋白量を抑制したが、3 mg/kg から 10 mg/kg へと投与量を増加しても無処置
群と同等レベルまでは漏出蛋白量を抑制しなかった(Figure 5A)。また、5-HT7 受容体選択
的拮抗薬である SB-269970 は、同じ動物モデル実験において 10 mg/kg 腹腔内投与にて漏出
蛋白量を抑制したが、10 mg/kg から 30 mg/kg へと投与量を増加しても無処置群と同等レ
ベルまでは漏出蛋白量を抑制しなかった(Figure 5B)。 
 
 
Figure 5. 5-HT2B 受容体拮抗薬及び 5-HT7 受容体拮抗薬を用いるモルモット硬膜血管外蛋
白漏出測定抑制実験結果 
 
一方、RS-127445 及び SB-269970 の両化合物を同時に投与した場合、無処置群と同等レ
ベルまで漏出蛋白量を抑制し、相乗的な効果が確認された(Figure 6)。すなわち、5-HT 誘
発モルモット硬膜血管外蛋白漏出測定抑制実験において、5-HT2B 受容体と 5-HT7 受容体を
9 
同時に拮抗することで、それぞれの受容体を単独で拮抗する事では得られない強い薬理作
用を示すことが確認された。以上の事から、著者は 5-HT2B、5-HT7 受容体二重拮抗薬が、
副作用が低減し、かつ効果が高い片頭痛予防薬になりうると考え、創薬研究を開始した。 
 
Figure 6. 5-HT2B, 5-HT7 受容体二重拮抗相加作用 
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本論 
 
第一章 ハイスループットスクリーニング(HTS)を用いる 5-HT2B, 5-HT7 二重拮抗薬探索 
 
第一節 HTS ヒットと課題 
5-HT7 受容体拮抗作用※1 を指標としたアステラス製薬所有化合物ライブラリーに対する
たハイスループットスクリーニング(HTS)を実施した。得られたヒット化合物について
5-HT2B 受容体拮抗作用※1を確認し、5-HT2B, 5-HT7 二重拮抗作用を有するフルオレンカルボ
ニルグアニジン 1 (Figure 7)を得た。ヒット化合物絞込の際に、ピゾチフェンで確認された
5-HT2A, 5-HT2C, 1, D2, M1 親和性も評価し、選択性の面からも絞込を実施した。研究開始
当初、グアニジノカルボニル基を部分構造として有する 5-HT 受容体リガンド報告は存在
せず、化合物 1 は特許性を有していると考えた。しかしながら、水溶解性が極めて悪いこ
とも明らかとなった。経口投与可能な化合物探索において、化合物の水溶解性はきわめて
重要である※2ため、親和性及び溶解性を向上させる目的にて化合物を探索することとした。 
 
1
h5-HT7 Ki = 12 nM
Solubility pH 6.8 <1 (g/mL)
h5-HT2B Ki = 1.8 nM
 
Figure 7. HTS ヒット化合物 1 の構造 
 
※1 評価方法は第一章第四節で示す。 
※2 薬物の吸収は、消化管液への溶解→拡散→小腸膜の通過→血液への移行という段階を経
る。受動拡散時、薬物吸収は化合物の物理化学的性質に依存する。そこで、化合物の溶解
性、膜透過性は重要とされる。 
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第二節 化合物の合成方針 
HTS によって見出された化合物 1 の親和性向上と溶解性改善を目標として、以下の方針
で化合物変換を行うこととした。なお、溶解性改善の指標の記述子として、分子の疎水性
度を表す CLogP※1 と極性を表す TPSA※2 を考慮 19)して合成計画を立案した。 
まず、化合物 1 のグアニジノカルバモイル基が 5-HT のモノアミン構造を模倣していると
考え(Figure 8)、フルオレン環の変換を行うこととした。次に、ベンジル位に該当し酸化さ
れやすいフルオレン環 9 位の変換を行い、初期構造活性相関を得ることとした。さらに、
グアニジノカルボニル基の置換位置の最適化と、フルオレン環とグアニジノカルボニル基
とのリンカー探索を実施した(Figure 9)。 
5-HT 1  
Figure 8. 5-HT と化合物 1 の構造比較 
Z, Y = O or NH X = O, NH
4
2
3
1
9
1
 
Figure 9. 合成方針 
※1 CLogP:水-1-オクタノール分配係数の計算値。数字が大きいほど疎水性が高いとされる。
Lipinski の rule of 5 では経口薬として推奨される CLogP 値は 5 以下とされる 20)。 
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第三節 化合物の合成 
フルオレンカルボニルグアニジン誘導体の合成を Scheme 1 に示した。フルオレンカル
ボン酸 2a-c, 4a は購入可能であり、フルオレンカルボン酸 4b は Weisburger らの報告 21)に
従って合成した。 CDI を用いてフルオレンカルボン酸 2a-c, 4a, 4b の活性エステルを形成
した後、グアニジンとの縮合反応を行い、目的化合物 1, 3a, 3b, 5a, 5b を得た。 
1 1
2 2
2 2
3
3 3
4 4
a
2a:2-CO2H
2b:1-CO2H
2c:4-CO2H
1:2-CON=C(NH2)2
3a:1-CON=C(NH2)2
3b:4-CON=C(NH2)2
a
4a:2-CO2H
4b:3-CO2H
5a:2-CON=C(NH2)2
5b:3-CON=C(NH2)2
 
Scheme 1. 反応条件と収率: (a) CDI, DMF, 50 ºC then guanidine hydrochloride, NaH, DMF, rt; 
23% for 1, 51% for 3a, 3% for 3b, 58% for 5a, 97% for 5b. 
 
 
 
 
 
※2 TPSA:topological polar surface area の略。PSA(極性表面積)は極性原子（酸素、窒素などと
その水素）の van der Waals 表面積の和を示し、腸管吸収などの膜透過性との相関が高い。
TPSA はフラグメント原子群に割り当てたパラメータ値を合計して求め、分子の三次元構
造に依存せず一意の値を与え、高速で大量の計算が可能である 22)。  
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ジベンゾフランカルボニルグアニジン 10 の合成を Scheme 2 に示した。塩基を用いて 2-
フルオロベンズアルデヒドとフェノール 6 からアリルオキシベンズアルデヒド 7 を得た。 
続く m-CPBA を用いた Bayer-Villiger 酸化反応でフェノールホルミル体を得、ホルミル体を
加水分解してフェノールに変換し、無水トリフルオロ酢酸を作用させトリフラート体 8 を
得た。 パラジウム触媒を使った環化反応中 23)、カルボン酸のエステル脱保護も同時に行
い、ジベンゾフランカルボン酸 9 を得た。Scheme 1 と同様、カルボン酸 9 とグアニジンの
縮合反応を行い化合物 10 を得た。 
 
a b, c
d
6 7
9
8
e
10  
Scheme 2. 反応条件と収率: (a) 2-fluorobenzaldehyde, K2CO3, DMF, 70 ºC, 76%; (b) 
m-chloroperoxybenzoic acid, CHCl3, 30 ºC then conc. HCl (cat), MeOH, 93%; (c) 
trifluoromethanesulfonic anhydride, pyridine, CH2Cl2, quant.; (d) Pd(PPh3)2Cl2 (cat), DBU, LiCl, 
DMF, 145 ºC, 18%; (e) CDI, DMF, rt then guanidine carbonate, rt, 75%. 
 
カルバゾールカルボニルグアニジン 12 は、加熱条件下、既知の方法で合成したカルバ
ゾールメチルエステル 24)とグアニジンとの縮合反応により得た(Scheme 3)。 
11
a
12  
Scheme 3. 反応条件と収率: (a) guanidine hydrochloride, NaH, DMF, 70 ºC, 77%. 
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フェノキサジンカルボニルグアニジン 17, 21 の合成法を Scheme 4 に示した。Eastmond
らの方法 25)に従い、3, 4-ジフルオロニトリルとアミノフェノール 13 とのイプソ置換反応を
行い、アミノエーテル 14 を得た。アミノエーテル 14 を加熱条件下 2-シアノフェノキサジ
ン 15 に変換した。化合物 15 のニトリル基を酸性条件下、加水分解反応によりフェノキサ
ジンカルボン酸 16 へ変換した。Scheme 1 と同様に 16 とグアニジンとの縮合反応を行い
17 を得た。3-クロロ-4-フルオロベンゾニトリルとアミノフェノール 13 のイプソ置換反応
を行い得たアミノエーテルに対して、塩基性条件下スマイルス転位反応を行いフェノール
18 を得た。化合物 18 を、炭酸カリウム存在下、加熱条件で環化反応を行うことにより 3-
シアノフェノキサジン 19 を合成した。化合物 19 から化合物 21 への変換は、化合物 15 か
ら化合物 17 への変換と同様に実施した。 
a b
c
17
13 14 15
e,f g
c
16
18 19
d
d
20 21
13
 
Scheme 4. 反応条件と収率: (a) 3,4-difluorobenzonitrile, NaH, DMF, 0 ºC, 78%; (b) DMF, 165 ºC, 
11%; (c) conc.HCl, AcOH, 120 ºC, 95% for 16, 14% for 20; (d) CDI, DMF, 50 ºC then guanidine 
hydrochloride, NaH, DMF, rt, 53% for 17, 77% for 21; (e) 3-chloro-4-fluorobenzonitrile, NaH, 
DMF, 0 ºC, 75%; (f) NaH, DMF, 100 ºC, 70%; (g) K2CO3, DMF, 150 ºC, 58%. 
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(2E)-N-(ジアミノメチレン)-3-(9-オキソ-9H-フルオレン-2-イル)アクリルアミド 25 は
Scheme 5 に示した方法で合成した。市販のフルオレンカルボン酸エチルエステル 22 を
LAHを用いてジオールへと還元した後、二酸化マンガンによりアルデヒド23に変換した。
アルデヒド 23 とメチルトリフェニルフォスフォラニリデンアセテートとの Wittig 反応に
よりアクリル酸エステルを得、水酸化ナトリウムを用いた加水分解によってアクリル酸誘
導体 24 を得た。24 とグアニジンとの縮合反応を行い、25 を得た。 
a, b c, d
22 23 24
e
25  
Scheme 5. 反応条件と収率: (a) LiAlH4, THF, rt; (b) MnO2, CHCl3, rt, 70% (two steps); (c) 
Ph3P=CHCO2Me, toluene, 90 ºC, 84%; (d) 1 M NaOH aq, MeOH-THF, rt, 94%; (e) CDI, DMF, rt 
then guanidine hydrochloride, NaH, DMF, rt, 75%. 
 
9-ヒドロキシ-9H-フルオレン誘導体 26a-c は 9-オキソ-フルオレン誘導体 5a, 5b, 25 を
NaBH4 還元し合成した(Scheme 6)。 
2
3
a
5a : R = 2-CON=C(NH2)2
25: R = 2-CH=CHCONC(NH2)2
26a: R = 2-CON=C(NH2)2
26c: R = 2-CH=CHCONC(NH2)2
5b: R= 3-CON=C(NH2)2 26b: R = 3-CON=C(NH2)2
 
Scheme 6. 反応条件と収率: (a) NaBH4, MeOH, rt, 83%for 26a, 78% for 26b, 82% for 26c. 
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第四節 化合物の薬理評価結果と考察 
合成した化合物の 5-HT2B, 5-HT7 受容体親和性は、以下のように評価した。 
 5-HT2B 受容体親和性は、ヒト 5-HT2B 受容体発現 HEK293 細胞 26)における、ラジオリガン
ド([3H]Mesulergine) の置換量を、放射能量により測定した。同様に、5-HT7
受容体親和性は、ヒト 5-HT7 受容体発現 CHO 細胞 27)におけるラジオリ
ガンド([3H]5-HT) の置換量を放射能量により測定した。受容体結合を
50％阻害する濃度を IC50 値とし非線形回帰分析により求め、受容体に対
する親和性を表す Ki 値は、Cheng&Prusoff 28)の式 Ki = IC50/(1 + [L]/[Kd]) 
([L]:ligand concentration, [Kd]:dissociation constant)を用いて算出した。 
 
先に記載したように、著者はグアニジノカルボニル基が 5-HT のモノアミン構造を模倣
している(Figure 8)と考えフルオレン環の変換を行い、ジベンゾフラン環、カルバゾール環、
フェノキサジン環に変換した化合物の評価を行った(Table 3)。なお、化合物 10, 12, 17, 21
の CLogP は化合物 1 と比較して同程度か低い数値を示し、また、化合物 10, 12, 17, 21 の
TPSA はいずれも化合物 1 より大きな数値を示した。この結果から、いずれの化合物も化
合物 1 と比較して水溶解性向上の可能性を示唆している。 
フルオレン環をジベンゾフラン環に変換した化合物 10 はヒト 5-HT7 受容体親和性が減弱
した一方、ヒト 5-HT2B に対してはほぼ同等受容体親和性を示した。カルバゾール環に変換
した化合物 12 は、ヒト 5-HT2B, 5-HT7 受容体ともにわずかに減弱した。2-フェノキサジン
環へと変換した化合物 17、3-フェノキサジン環へと変換した化合物 21 はいずれもヒト
5-HT7 受容体親和性が大きく減弱し、ヒト 5-HT2B に対する受容体親和性は保持した。この
ことから、6,6,6-員環化合物よりも 6,5,6-員環化合物の方がヒト 5-HT2B, 5-HT7 受容体二重拮
抗薬として適している構造である事が示唆された。 
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Table 3.  化合物 1, 10, 12, 17, 21 の 5-HT2B, 5-HT7 受容体結合試験結果 
 
a 2 例以上の平均値を記載. 
b [3H]Mesulergine 結合 Ki 値; ヒト 5-HT2B 受容体発現 HEK293 細胞. 
c [3H]5-HT 結合 Ki 値; ヒト 5-HT7 受容体発現 CHO 細胞. 
d フリー体. e 未評価 
f CLogP 値; ACD/Labs Software, version 12.01 29) で計算. 
g TPSA 値; MOE2011.10 30) で計算.  
以後の化合物の 5-HT2B, 5-HT7 受容体結合試験も同様に評価した。 
R N
O
NH2
NH2
HCl
Compound -R 
5-HT2B Kia,b 
(nM) 
5-HT7 Kia,c 
(nM) 
Solubility 
pH6.8 
(μg/mL) 
CLogPf TPSAg
1d 1.8 12 <1 2.61 81.5 
10 2.1 >100 NTe 2.65 94.6 
12 10 42 NTe 2.13 97.3 
17 3.6 140 NTe 2.22 102.7 
21 2.4 >1000 NTe 2.22 102.7 
*
O
*
N
H
*
N
H
O
*
O
N
H
*
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6,5,6-員環の化合物 1, 10, 12 のヒト 5-HT7 受容体親和性の違いを考察するため、母核部分
の電荷分布を調べた(Figure 10)。各母核構造について、化合物番号と対応して 1’, 10’, 12’
として結果を記載した。これら化合物の framework は一致し、各受容体における結合モー
ドは共通していると考えている。化合物 1’、化合物 12’の電荷分布は類似していたが、化
合物 10’とは異なっていた。すなわち、1 と 12 は C-H 及び N-H のプロトン上に正に帯電し
た領域（青色）が 6,5,6-員環の中央下側部分に分布しているのに対し、10’は対応する領域
に負に帯電した領域（赤色）が認められた。これらの結果から、6,5,6-員環の中央下側部分
に正に帯電した領域がヒト 5-HT7受容体の負に帯電した領域と相互作用し、化合物 1, 10, 12
の親和性の違いが見られたと考えられる。一方、ヒト 5-HT2B 受容体は電子的な影響を受け
ない領域に化合物が結合し、親和性の違いを生まなかったと考えられる。 
 
Figure 10.  フルオレン環(1’)、ジベンゾフラン環(10’)、カルバゾール環(12’)の電荷分布結
果。化合物中の炭素：緑、窒素:青、酸素:赤で記載。母核近傍 Connolly 表面 31) を、赤（負
に帯電）、青（正に帯電）で表示。 
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Table 3 の評価結果から、フルオレン環を他の含ヘテロ原子環への変換を行うことは困難
であると考えられた。次に、フルオレン環の性質上、ジベンジル位のため酸化されやすい
と考えられる 9 位に関して、初期 SAR の確認を行うこととし、化合物 1 のフルオレン環 9
位に置換基を導入した化合物評価を実施した(Table 4)。化合物 5a, 26a の CLogP は化合物 1
と比較して低い数値を示し、また TPSA はいずれも化合物 1 より大きな数値を示し、5a, 26a
は水溶解性向上の可能性が示唆された。フルオレン環 9 位にカルボニルを導入した化合物
5a は 5-HT2B 受容体親和性が約 4 倍向上したが、ヒト 5-HT7 受容体親和性が減弱した。一
方、フルオレン環 9 位に水酸基を導入した化合物 26a はヒト 5-HT2B, 5-HT7 に対して親和
性を保持していた。これにより、親和性を保持し水溶解性が向上した化合物 26a を見出す
ことができた。 
 
Table 4.  フルオレン環 9 位置換体 1, 5a,26a の 5-HT2B, 5-HT7 受容体結合試験結果. 
 
a HCl 塩. 
 
R N
O
NH2
NH2
Compound -R 5-HT2B Ki (nM) 5-HT7 Ki (nM) CLogP TPSA 
1 
 
1.8 12 2.61 81.5 
5a 
 
0.40 190 2.09 98.5 
26a a 
 
1.8 18 0.98 101.7 
 
*
9
 
*
O
 
*
OH
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さらに、化合物 26a の母核部分(26a’)の電荷分布について調べたところ、Figure 10 で見ら
れた傾向と一致した傾向が見られ 6,5,6-員環の中央下側部分に正に帯電した領域（青色）
が認められた。化合物 26a は、フルオレン環上 9 位に水酸基及びプロトンが存在し、プロ
トン上及び、水酸基(*-O-H)のプロトン上が、正に帯電しているためと考えている(Figure 11)。 
 
A    B 
 
  
Figure 11.  9-ヒロドキシ-フルオレン環(26a’)の電荷分布結果。(BはA図矢印方向からの図) 
化合物中の炭素:緑、窒素:青、酸素:赤で記載。母核近傍 Connolly 表面を、赤（負に帯電）、
青（正に帯電）で表示。 
  
21 
次に、フルオレン環上のグアニジノカルボニル基の置換位置の効果を検討した(Table 5)。
1 位にグアニジノカルボニル基を有する化合物 3a は 5-HT2B 受容体に対する親和性は保持
したものの、5-HT7 受容体に対する親和性は 20 分の 1 に減弱した。3 位及び 4 位にグアニ
ジノカルボニル基を有する化合物 26b, 3b はヒト 5-HT2B, 5-HT7に対していずれも親和性が
減弱した。さらに、2 位のフルオレン環とグアニジノカルボニル基の間にオレフィンリン
カーを導入した化合物 26c もヒト 5-HT2B, 5-HT7 に対して親和性が減弱した。これらの結
果から、グアニジノカルボニル基の置換位置はフルオレン環の 2 位に直結で置換されてい
る構造が両受容体親和性発現に最も適切な構造であることが示唆された。 
 
Table 5.  化合物 1, 3a, 3b, 26a-26c の 5-HT2B, 5-HT7 受容体結合試験結果. 
 
  
R
N
O
NH2
NH2
HCl1
2
34
Compound -R carbonyl guanidine 5-HT2B Ki (nM) 5-HT7 Ki (nM) 
1 H 2 1.8 12 
26a -OH 2 1.8 18 
3a H 1 1.1 240 
26b -OH 3 87 >1000 
3b -H 4 27 >1000 
26c 
 
52 >100 
OH
O
N
NH2
NH2
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さらなる薬理評価として、既知の片頭痛予防薬である 5-HT 拮抗薬、ピゾチフェンで確
認され、副作用原因と考えている他のオフターゲット受容体への親和性を検討した(Table 
6)。セロトニン受容体 5-HT2A, 5-HT2C, アドレナリン受容体1, ドパミン受容体 D2, ムス
カリン受容体 M1 に対する親和性を評価した結果、化合物 1, 26a はいずれも 5-HT2A, D2, M1
に対して低い親和性を示した。一方、化合物 1 は 5-HT2C, 1 に対して中程度の親和性を示
していたが、化合物 26a は両受容体に対して低い親和性を示し、化合物 26a は HTS ヒット
化合物 1 よりも受容体親和性選択性が改善された。さらに、CLogP 値及び TPSA 値から推
測されていたように、化合物 26a の水溶解性は化合物 1 よりも改善していた（pH 6.8 にお
ける溶解性 >10 g/mL）※。以上の結果から、著者は HTS ヒット化合物 1 からの初期構造
活性相関研究を行い、ヒト 5-HT2B, 5-HT7 受容体親和性を保持し、5-HT2A, 5-HT2C, 1, D2, 
M1 受容体に対する選択性を改善し、かつ、水溶解性が著しく向上した化合物 26a を得るこ
とに成功した。 
Table 6.  化合物 1, 26a の受容体親和性評価結果、溶解性評価結果 
a Ki 値：公知の方法を用いて評価した.32-35) 
b 未評価 
以後の化合物の 5-HT2A, 5-HT2C, 1, D2, M1 受容体結合試験も同様に評価した 
 
※医薬品として必要な溶解性は投与量と膜透過性に大きく依存するが、最低限必要な溶解
度(g/mL)の目安として以下の報告がある。ヘテロ環化合物の平均的な膜透過性化合物の場
合、0.1 mg/kg 投与で 5 g/mL, 1 mg/kg で 52 g/mL, 10 mg/kg で 520g/mL が求められる 36)。 
Compound 
Ki (nM) Solubility
5-HT2B 5-HT7 5-HT2Aa 5-HT2Ca α1a D2a M1a 
pH6.8 
(μg/mL)
ピゾチフェン 2.0 25 7.5 1.4 75 2.4 2.0 NTb 
1 1.8 12 1000 200 790 1400 >1000 <1 
26a 1.8 18 >1000 >1000 >1000 >1000 >1000 >10 
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次に、化合物 1, 26a の機能評価を行った。5-HT2B 受容体拮抗作用は、ヒト 5-HT2B 受容体
発現 HEK293 細胞における、PI 代謝阻害量をラジオリガンド([3H]PI(Phosphatidylinositol))
の置換量を放射能量により測定した。5-HT 誘発 IPs (Inositol n phosphate)蓄積量を 50%阻害
する濃度を IC50 値と規定した。5-HT7 受容体拮抗作用は、ヒト 5-HT7 受容体発現 CHO 細胞
における cAMP 産生量を測定し、化合物 10M 濃度における阻害率を算出した。化合物
1,26a 共に 5-HT2B, 5-HT7 受容体拮抗作用を示した。(Table 7) 
Table 7  化合物 1, 26a のヒト 5-HT2B, 5-HT7 受容体拮抗作用評価結果 
 
  
 
a 2 例以上の平均値を記載. 
b [3H]PI 代謝 IC50 値；ヒト 5-HT2B 受容体発現 HEK293 細胞. 
c 化合物 10 μM における cAMP 産生量%；ヒト 5-HT7 受容体発現 CHO 細胞. 
 
以上の実験事実から、化合物 26a はヒト 5-HT2B, 5-HT7 受容体拮抗活性を有し、他のオフ
ターゲットに対する選択性に優れ、かつ、水溶解性が著しく向上していることが確認され
た。そこで、モルモット片頭痛モデルにおける予防効果の確認を行うこととした。序論に
おいて述べたように、片頭痛発症時、5-HT により硬膜血管から漏出する炎症性蛋白が関与
する事が示唆されている。本試験系は、被験化合物の存在下、この漏出蛋白量を測定する
ことで、片頭痛の予防効果を評価する動物実験モデルである。5-HT 投与により惹起された
モルモット硬膜血管漏出炎症性蛋白量を、硬膜重量測定及び蛍光蛋白蛍光強度の測定を行
い、化合物投与による抑制効果を無処置群（コントロール）と比較して算出した。なお、
抑制率は、以下の数式で算出した。 
% change = [compound group – control] / [5-HT group – control] ×100%. (Table 8) 
Compound 
5-HT2B 
IC50 (nM) a, b 
5-HT7 
% inhibition a,c 
1 36.4 98% 
26a 19.6 97% 
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Figure 12. 5-HT2B, 5-HT7 受容体二重拮抗相加作用※ 
 
5-HT2B 受容体選択的拮抗薬 RS-127445 と 5-HT7 受容体選択的拮抗薬 SB-269770 を腹腔内
に同時投与した際は 91%の抑制率を示した。RS-127445 のみの腹腔内投与時は 60%の抑制
率であり、RS-127445の用量を上げても効果が変わらなかったことから、ヒト5-HT2B, 5-HT7
受容体を同時に拮抗することで、片方の受容体拮抗作用のみでは得られない相乗的な効果
が得られている。一方、化合物 26a の腹腔内投与においては、0.3 mg/kg から 3 mg/kg へと
用量依存的な効果を示し、3 mg/kg においてほぼ無処置群と同等レベルである 93%の抑制
率を示した。 
Table 8.  化合物 26a, RS-127445, SB-269970 のモルモット片頭痛モデル蛋白漏出抑制率 
a 3 mg/kg i.p.. 
b RS-127445 (3 mg/kg i.p.) と SB-269970 (10 mg/kg i.p.)の同時投与. 
c 3 mg/kg i.p.. 
※序論で示した Figure 6. と同じデータを再掲した。 
Compound % change 
RS-127445 a 60% 
RS-127445 and SB-269970 b 91% 
26a c 93% 
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さらに、化合物 26a を経口投与した際にも 3 mg/kg から 30 mg/kg へと用量依存的な抑制効
果を示した。しかしながら、30 mg/kg 経口投与時に、無処置群と同等レベルまで漏出蛋白
量を抑制せず、腹腔内投与時と比較して経口投与時の in vivo 薬効が不十分であることが明
らかとなった(Figure 13)。 
(A) 
 
(B) 
 
Figure 13.  モルモット硬膜血管外蛋白漏出測定系評価結果. (A) 化合物 26a 腹腔内投与. 
(B) 化合物 26a 経口投与投与. 各群における平均値±標準誤差を示す。統計的検定はダネッ
ト法により行い、*は有意水準 5%, **は 1%を示す。 
以後の化合物のモルモット硬膜血管外蛋白漏出測定も同様に評価を行った。 
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第五節 まとめ 
HTS ヒット化合物から、親和性及び水溶解性向上を目的として種々の三環性芳香環カル
ボニルグアニジン誘導体をデザインし周辺化合物の合成と評価を行った。本化合物の構造
活性相関を明らかにし、フルオレン環の 2 位にグアニジノカルボニル基が直接置換されて
いる構造が、ヒト 5-HT2B, 5-HT7 両受容体親和性発現に最も適切な構造であることを明ら
かとした。化合物 1, 10, 12, 26a の分子モデリングにおける解析から、6,5,6-員環の中央下側
部分（フルオレン環の 9 位に相当する位置）に正に帯電した領域が存在することが、ヒト
5-HT7 受容体親和性に重要であることが示唆された。これら化合物群の中で、フルオレン
環 9 位へ水酸基を導入した N-(9-ヒドロキシ-9H-フルオレン-2-カルボニル）グアニジン(26a)
は、ヒト 5-HT2B, 5-HT7 両受容体へ強い親和性を示し (5-HT2B: Ki = 1.8 nM, 5-HT7: Ki = 18 
nM),セロトニン受容体 5-HT2A, 5-HT2C, アドレナリン受容体1, ドパミン受容体D2, ムス
カリン受容体 M1 との選択性に優れ、かつ、モルモット片頭痛病態モデルにおいて経口投
与で硬膜蛋白漏出抑制作用を示した。 
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第二章 フルオレンカルボニルグアニジンへの置換基導入誘導体の合成と構造活性相関 
 
第一節 経口活性向上を目指して 
第一章では、HTS ヒット化合物からの化合物探索について、詳細に記載した。その結果
得られたリード化合物 26a は、良好な in vitro プロファイルを示し、モルモット片頭痛病態
モデルにおいてヒト 5-HT2B, 5-HT7両受容体二重拮抗の相乗効果を示した。しかしながら、
腹腔内投与時と比較して経口投与時は抑制効果が弱く、開発研究を行うには経口活性向上
が必要であることが示唆された。そこで、経口活性向上とヒト 5-HT2B, 5-HT7 受容体親和
性向上を目的にさらに化合物を探索することとした。 
経口活性(F)は、消化管からの吸収効率、肝臓・消化管での代謝（初回通過効果）の影響
を受け、吸収(Fa)、腸管排泄回避留分(Fg)、肝排泄回避留分(Fh)の相乗効果と考えられる。 
F = Fa x Fg x Fh 
経口活性と化合物の物理化学的性質に関する解析※1 から、以下傾向が認められる。 
・分子量、イオン化状態、脂溶性、極性、回転可能な結合は経口吸収性に大きく影響する 
・この傾向は、吸収の影響(Fa)と初回通過効果(Fg, Fh)の掛け合わせで説明される。 
・分子量増大及び回転可能な結合数の増加は経口吸収性の著しい減少となる。 
・脂溶性と極性は、経口吸収性と放物線の関係を示し、Fg, Fh は脂溶性増大で減少するが、
Fa は極性増大時に減少する。 
・代謝律速の化合物では、Fg は重要な役割を果たす。 
この報告から、物理化学的性質間の適切なバランスを取ることが、経口活性最適化に必要
であるといえる 37)。著者は、この報告に基づき、脂溶性(CLogP)と極性(TPSA)の間のバラ
ンスを整える戦略をたてた。 
 
 
 
 
※1 309 種類の医薬品に対してヒト F 値と物理化学的パラメータとの解析を行った報告 37)。 
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GPCR においては、実験的に立体構造が説かれた受容体の数はまだ少ない。しかしなが
ら、ヒト 5-HT2B 受容体と低分子化合物との複合体構造が最近報告され、本研究においてタ
ンパク質立体構造に基づく合成戦略が有効であると考えた。そこで、ヒト 5-HT2B 結晶構造
及び、ヒト 5-HT2B 構造を鋳型として作成した 5-HT7 のホモロジーモデルに対してリード化
合物 26a のドッキングスタディを行い、Structure Based Drug Design※による合成戦略を立て
ることとした。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
※Structure Based Drug Design 
標的タンパク質の三次元構造に基づく薬物設計手法のこと。X 線結晶構造解析に基づく実
験的手法の他、分子モデリングにより標的タンパク質と低分子の相互作用状態を推定し、
合理的に薬物設計戦略を練る手法。 
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第二節 ドッキングスタディと化合物の合成方針 
リード化合物 26a の親和性向上と経口活性向上を目標として、以下の方針で化合物変換
を行うこととした。なお、第一節で述べたように物性記述子として、CLogP と TPSA を考
慮して合成計画を立案した。 
GPCR は、-ヘリックスからなるらせん構造が細胞膜内外に 7 回貫通し、N 末端が細胞
外に、C 末端が細胞内に存在する、という構造的な特徴を持つ受容体である。ヒト 5-HT2B
は低分子化合物(Ergotamine)との複合体構造 (PDB code: 4IB4 38))が報告されている。本結晶
構造において、リガンド結合部位は細胞外に近い部分に存在し、膜貫通へリックス
(transmembrane:TM)3、TM5、TM6、TM7 から形成される円錐型の形状である。円錐の頂点
に近い部位に活性中心として、酸性残基である Asp135 が存在する (Figure 14)。 
   
Figure 14.ヒト 5-HT2B と Ergotamine との複合体構造(PDB code: 4IB4)  
左：全体構造、右：リガンド近傍拡大図（化合物近傍の受容体表面は以下の色で表示 
（緑：疎水性表面領域、白：中性領域、紫：極性表面領域））  
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ヒト 5-HT7 構造はヒト 5-HT2B の複合体構造を鋳型としてホモロジーモデリング※により
作成した。全体の構造は 5-HT2B の結晶構造と重なり、活性中心に酸性残基である Asp162
が存在する (Figure 15)。 
  
Figure 15.ヒト 5-HT7 ホモロジーモデル構造 （5-HT2B 結晶構造中の Ergotamine 表示） 
左：全体構造（5-HT2B 結晶構造と重ね合わせ、オレンジ：5-HT7、赤：5-HT2B）、右：リガ
ンド近傍拡大図（緑：疎水性表面領域、白：中性領域、紫：極性表面領域） 
 
 
 
※ホモロジーモデリング 
立体構造が実験的に決定されていないタンパク質の立体構造を、そのタンパク質と相同
性の高い立体構造既知のタンパク質の立体構造をもとにコンピュータにより推定する方法。
立体構造構築の際にその基準となるたんぱく質のことを鋳型と称する。5-HT2B 結晶構造中
のアミノ酸配列と 5-HT7 のアミノ酸配列相同性は 34%であった。 
  
Ergotamine
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26a はフルオレンの 9 位に不斉炭素を有しているため、R 体、S 体両異性体に対してドッキ
ングスタディを行った。両異性体の推定結合モードは同様の結果であった(Figure 16)。 
 
Figure 16.  (A) 化合物 26a のヒト 5-HT2B 受容体(PDB code 4IB4)への推定結合モード 
(左)S 体、(右)R 体: (B) 化合物 26a のヒト 5-HT7 受容体モデルへの推定結合モード 
(左)S 体、(右)R 体、青：窒素、赤：酸素、赤紫：S-体炭素、オレンジ：R-体炭素を示す 
 
両異性体の結合モードは同様と考えられたため代表して(S)-26a と両受容体との相互作
用図を Figure 17 に示し、相互作用考察を行うこととした。 
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(A) (S)-26a/5-HT2B                       (B) (S)-26a/5-HT7 
 
(C) (S)-26a/5-HT2B 相互作用図              (D) (S)-26a/5-HT7 相互作用図 
 
 
Figure 17.  (A) (S)-26a/5-HT2B 推定結合モード (B) (S)-26a/5-HT7 推定結合モード 
(C) (S)-26a/5-HT2B 相互作用図 (D) (S)-26a/5-HT7 相互作用図 
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5-HT2B, 5-HT7 で異なる残基 
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ドッキングスタディの結果、グアニジノカルボニル基部分は両受容体活性中心の Asp 
(D135: 5-HT2B, D162: 5-HT7), Tyr (Y370: 5-HT2B, Y374: 5-HT7),芳香族性残基(W131: 5-HT2B, 
F158: 5-HT7)と強固な相互作用ネットワーク※1 を形成していることが明らかとなった
(Figure 17)。この結果から、グアニジノカルボニル基は 5-HT2B, 5-HT7 両受容体結合活性発
現に極めて重要な役割を担っている事が示唆された。さらに、この相互作用ネットワーク
に加えて、フルオレン環部分と脂溶性残基 Val (V136: 5-HT2B, V163: 5-HT7), Phe (F343: 
5-HT7)との CH相互作用※2 が予測され、フルオレン環の芳香族性も重要な役割を担って
いると考えた。また、ドッキングスタディ結果からグアニジノカルボニル基は分子内水素
結合も推測され、フルオレン環とグアニジノカルボニル基は平面に近い構造を取っている
事が示唆された。さらに、リガンド結合部位近傍で、5-HT2B と 5-HT7 で保存されていない
残基として、5-HT2B 受容体中 Ser139 である場所が 5-HT7 受容体では Cys166 となっている
事が確認された(Figure 17)。 
 
※1相互作用ネットワーク 
リガンド‐タンパク質間における分子間相互作用において、リガンド分子のある置換基
が相互作用しているアミノ酸残基との１対１の単純な相互作用のみでなく、アミノ酸残基
が他のアミノ酸残基とも相互作用していたり、同じアミノ酸残基がリガンドの別の置換基
とも相互作用していたり、複数のアミノ酸残基が同じ置換基と相互作用していたりする場
合が多く、ネットワークの協調効果が見られること 39)。 
※2 CH相互作用 
弱い水素結合として定義され、CH 側が:弱い水素結合ドナーとして、芳香環が弱い水素
結合アクセプターとして働く 40)。 
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フルオレン環の 1 位から 4 位への置換基導入は、グアニジノカルボニル基の立体配座や
電子状態を変化させ、ドッキングスタディ結果において確認された各受容体でのグアニジ
ノカルボニル基の担う相互作用を減弱させると考えた。一方、フルオレン環の 5 位から 8
位への置換基導入に関しては、5 位、6 位、8 位近傍は空間があるため、置換基導入が許容
されると考え、7 位は蛋白との距離が近く、置換基導入が困難であると考えた(Figure 18)。
そこで、ドッキングスタディ結果の妥当性確認のため、フルオレン環 1 位及び 3 位への置
換基導入を試み、さらに 5 位から 8 位への置換基導入を試みた。 
さらに、フルオレン環9位近傍にも若干の空間があることが予測されたため(Figure 18)、
9 位への置換基導入を試みた。また、5 位から 8 位への置換基導入と、9 位への置換基導入
で良い結果が得られたものの組み合わせ合成も行った。 
A      B 
  
Figure 18. (A) ヒト5-HT2B 受容体のフルオレン環近傍(B) ヒト5-HT7 受容体フルオレン環
近傍（化合物近傍の受容体表面は以下の色で表示（緑：疎水性表面領域、青：やや極性領
域、紫：水素結合領域）） 
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第三節 化合物の合成 
フルオレン環の 1 位及び 3 位へクロロ基を導入した 9-ヒドロキシフルオレンカルボニル
グアニジン誘導体の合成を Scheme 7 に示した。2-クロロ-4-ブロモ安息香酸 27 をエチルエ
ステルへ変換した後、2-ホルミルフェニルボロン酸 28 と鈴木‐宮浦カップリング反応を
行った。得られたアルデヒドの Pinnick-Kraus 酸化を行い、3’-クロロ-4’-(エトキシカルボニ
ル)ビフェニル-2-カルボン酸 29 を得た。第一章に記載した方法と同様に酸性条件下 PPA を
用いた環化反応を行い、置換 9-オキソフルオレン-2-カルボン酸を合成した。なお、本環化
反応は約 1:1 の生成比の 1 位置換体、3 位置換体の混合物を与え、これらはカラムクロマ
トグラフィーで分離不可能であったため、エステル化を行い 30a, 30b へ変換した後分離し
た。エステルの加水分解を行った後、第一章に記載した方法と同様に、CDI を用いてグア
ニジンとの縮合反応を行い 31a, 31b、を得た。続いて、第一章に記載した方法と同様に
NaBH4 還元を行い、目的物 32a, 32b を得た。 
1
1
1
33
3
29
32a : 1-Cl 
32b : 3-Cl
28
a
31a : 1-Cl 
31b : 3-Cl
30a : 1-Cl 
30b : 3-Cl
27
f
e
g
cb d
h
 
Scheme 7. 反応条件と収率 : (a) H2SO4 (cat), EtOH, reflux; (b) Pd(PPh3)4, Na2CO3, 
toluene-EtOH-H2O, 120 ºC; (c) NaClO2, NaH2PO4, 2-methyl-2-butene, t-BuOH-MeCN-H2O, rt, 
63% (3 steps); (d) PPA, 140 ºC; (e) H2SO4 (cat), EtOH, reflux, 46% for 30a, 50% for 30b; (f) 1 M 
NaOH aq, EtOH, 70 ºC; (g) CDI, DMF, 50 ºC then guanidine hydrochloride, NaOMe, DMF, rt, 
74% for 31a (two steps), 56% for 31b (two steps); (h) NaBH4, MeOH, rt, 89% for 32a, 86% for 
32b. 
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フルオレン環の 5-8 位へ置換基を導入した 9-ヒドロキシフルオレンカルボニルグアニジ
ン誘導体の合成を Scheme 8 に示した。4-ブロモイソフタル酸ジエチルエステル 33 と、購
入可能なボロン酸 34a-g による鈴木―宮浦クロスカップリング反応の後、得られたジエス
テルの加水分解を行い、ビフェニル-2,4-ジカルボン酸 35a-g を合成した。第一章に記載し
た方法と同様に PPA を用いた環化反応により、9-オキソフルオレン-2-カルボン酸 36a-e を
合成した。ビフェニル-2,4-ジカルボン酸のうち、3 位に置換基を有する 35f, 35g の環化反
応は約 1:1 の生成比の 6 位置換体と 8 位置換体の混合物を与え、これらはカラムクロマト
グラフィーで分離不可能であったため、エステル化を行い 39a-d へ変換した後分離した。
5-メチルフルオレン-2-カルボン酸 36c はメチルエステル体 40 へと変換した後、NBS を作
用させ 5-ブロモメチル体に変換し、5-アセトキシメチル体 41a と 5-メトキシメチル体 41b
を合成した。置換フルオレンカルボン酸 36a-e は、第一章に記載した方法と同様に CDI を
用いてグアニジンとの縮合を行い 37a-eを得た。置換フルオレンカルボン酸エステル体 39a, 
39b, 39d, 41a, 41b はグアニジンと加熱条件下縮合反応を行い 37f-j を得た。第一章に記載し
た方法と同様に 37a-j を NaBH4 還元し、目的物 38a-j を得た。 
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34c : R = 2-Me
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34e : R = 2-Et
34f : R = 3-Cl
34g : R = 3-Me
j (36a-e)
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37a : R = 5-Cl
37b : R = 7-Cl
37c : R = 5-Me
37d : R = 5-F
37e : R = 5-Et
37f : R = 6-Cl
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37j : R = 5-CH2OMe
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Scheme 8. 反応条件と収率: (a) Pd(PPh3)4, Na2CO3, toluene-EtOH-H2O, 120 ºC; (b) 1 M NaOH 
aq, EtOH, 70 ºC, 94% for 35a (two steps), 94% for 35b (two steps), 81% for 35c (two steps), 83% 
for 35d (two steps), 68% for 35e (two steps), 98% for 35f (two steps), 85% for 35g (two steps); (c) 
PPA, 140 ºC, 83% for 36a, 76% for 36b, 92% for 36c, 95% for 36d, 54% for 36e; (d) allylBr, 
K2CO3, DMF, rt, 13% for 39a (two steps), 33% for 39b (two steps); (e) H2SO4 (cat), EtOH, reflux, 
40% for 39c (two steps), 45% for 39d (two steps); (f) MeI, K2CO3, DMF, rt; (g) NBS, AIBN, CCl4, 
95 ºC; (h) AcOK, DMF, rt, 70% for 41a (two steps); (i) NaOMe, THF, rt, 23% for 41b (two steps); 
(j) CDI, DMF, rt then guanidine hydrochloride, NaOMe or NaH (36e), DMF, rt, 39% for 37a, 72% 
for 37b, 59% for 37c, 89% for 37d, 66% for 37e; (k) guanidine hydrochloride, NaOMe, DMF, 100 
ºC, 65% for 37f, 78% for 37g, 70% for 37h, 29% for 37i, 74% for 37j; (l) NaBH4, MeOH, rt, 77% 
for 38a, 88% for 38b, 91% for 38c, 68% for 38d, 55% for 38e, 87% for 38f, 89% for 38g, 92% for 
38h, 88% for 38i, 75% for 38j. 
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フルオレン 9 位の置換基を水酸基以外の官能基へと変換した化合物 43a, 43c, 46, 48 の合
成法を Scheme 9 に示した。9-アセチルアミノフルオレン 42a と 9-Boc-アミノフルオレン
42b は Ray と Kreiser の報告 41)に従い、オキシム体を中間体として経たのち合成した。42a, 
42b のメチルエステルを加水分解した後、第一章に記載した方法と同様にグアニジンと縮
合し、化合物 43a, 43b を得た。塩酸処理により 43b の Boc 脱保護を行い、目的とする 43c
を得た。9-フルオロ体 46 は、フルオレンカルボン酸 4a から 9-ヒドロキシフルオレンカル
ボン酸メチルエステルを合成した後、DAST 42)を用いたフッ素化反応、続く加水分解によ
り 9-フルオロフルオレンカルボン酸 45 を得、第一章に記載した方法にてグアニジンと縮
合を行い合成した。9-メチル体 48 は、購入可能な 9-メチルフルオレンカルボン酸 47 から
合成した。 
42a : R = NHAc
42b : R = NHBoc
a, b or c d, e
43a : R = NHAc 
(43b : R = NHBoc)
43c : R = NH2
e
a, g
h, d
e
f
4a
44 45 46
47 48  
Scheme 9. 反応条件と収率: (a) H2SO4 (cat), MeOH, reflux; (b) NH2OH, MeOH, rt then H2, Pd/C, 
dioxane, Ac2O, rt, 88% for 42a (two steps); (c) NH2OH, MeOH, rt then H2, Pd/C, dioxane, Boc2O, 
rt, 54% for 42b (two steps); (d) 1M NaOH aq, MeOH, 50 ºC, 90% for 45 (two steps); (e) CDI, 
DMF, rt then guanidine hydrochloride, NaH, DMF, rt, 38% for 43a (two steps), 59% for 46, 37% 
for 48; (f) 4M HCl-EtOAc, rt, 25% for 43c (three steps); (g) NaBH4, MeOH, rt, 93% for 44 (two 
steps); (h) DAST, CH2Cl2, rt. 
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9-ヒドロキシ-9-メチル体 50a-c は Scheme 10 に示した方法で合成した。メチルリチウム
を 9-オキソフルオレン-2-カルボン酸 4a, 36c, 36e に作用させ、9-ヒドロキシ-9-メチル-フル
オレン-2-カルボン酸 49a-c に変換した後、第一章に記載した方法にてグアニジンとの縮合
により目的物 50a-c を得た。 
a b
49a : R = H
49b : R = Me
49c : R = Et
50a : R = H
50b : R = Me
50c : R = Et
4a : R = H
36c : R = Me
36e : R = Et
 
Scheme 10. 反応条件と収率: (a) MeLi, THF, 0 ºC, 82% for 49a, 35% for 49b, 87% for 49c; (b) 
CDI, DMF, rt then guanidine hydrochloride, NaH, DMF, 55% for 50a, 83% for 50b, 72% for 50c. 
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第四節 化合物の薬理評価結果と考察 
先に述べた通りドッキングスタディ結果に従い立案した合成方針に基づき 1 位, 3 位及
び 5-8 位へ置換基を導入した化合物の評価結果を Table 9 に示す。 
 
Table 9.  化合物 26a, 32a, 32b, 38a-j の HT2B, 5-HT7 受容体結合試験結果. 
5
3
1
6
7
8
HCl
R
N
O
NH2
NH2
OH
 
a フリー体. 
Compound -R 5-HT2B Ki (nM) 5-HT7 Ki  (nM) CLogP  TPSA 
26a H 1.8 18 0.98 101.7 
32a 1-Cl 2.6 310 1.69 101.7 
32b 3-Cl 5.6 220 1.69 101.7 
38a 5-Cl 1.5 41 1.69 101.7 
38f 6-Cl 11 160 1.74 101.7 
38b 7-Cl 1.7 >1000 1.69 101.7 
38g 8-Cl 0.11 33 1.53 101.7 
38c 5-Me 0.81 14 1.60 101.7 
38h 8-Me 0.67 87 1.31 101.7 
38d 5-F 0.91 29 0.90 101.7 
38ea 5-Et 1.6 4.1 2.11 101.7 
38i 5-CH2OH 6.6 41 0.72 110.9 
38j 5-CH2OMe 6.3 50 0.72 110.9 
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まず、フルオレン環の 1 位及び 3 位にクロロ基を導入した化合物(32a, 32b)はヒト 5-HT2B
受容体に対する親和性は保持したが、5-HT7 受容体に対しては大幅な親和性減弱となった。
5位及び 7位にクロロ基を導入した化合物(38a, 38b)はヒト 5-HT2Bに対する親和性を保持し
た。8 位にクロロ基を導入した化合物(38g)は 5-HT2B に対する親和性を向上させたが、6 位
へのクロロ基導入(38f)は 5-HT2B に対する親和性を減弱させた。一方、5-HT7 に対しては 5
位、8 位へのクロロ基導入により親和性が若干減弱し、また、6 位、7 位へのクロロ基導入
は大幅な親和性減弱となった。 
ドッキングスタディ結果と比較し、5-HT2B 受容体は置換基導入が許容され、induced fit※
が可能な受容体であると考えた。一方、5-HT7 受容体はフルオレン環の 1 位から 4 位への
置換基導入が、グアニジノカルボニル基の立体配座や電子状態を変化させると想定した
ドッキングスタディ結果と矛盾しないものであった。さらに、フルオレン環の 7 位近傍は
5-HT7 蛋白との距離が近く、置換基導入は困難であると想定したドッキングスタディ結果
と矛盾しないものであった。この結果から、5-HT7 受容体は induced fit を起こしにくい受容
体であると考えている。 
さらに第一章の母核変換時に確認された、9 位近傍の電子状態の違いによる 5-HT7 受容
体の親和性の違いについて、受容体構造から考察した。フルオレン環 9 位近傍の 5-HT7 受
容体表面は負電荷を帯びており、9 位近傍が正電荷に帯びた化合物を好む領域であること
が確認された(Figure 20)。5-HT2B 受容体と 5-HT7 受容体の 9 位近傍のポケット環境の違い
について考察したところ、5-HT2B 受容体 Ser139 残基が 5-HT7 受容体で Cys165 残基である
以外は残基は保存されており、化合物が induced fit するか否かの違いが 5-HT2B 受容体と
5-HT7 受容体の親和性の違いとなったのではないかと考えている。今後、5-HT7 の複合体構
造が報告されることによりより深い考察が可能になるのでは、と期待している。 
 
※induced fit 
Koshland により提唱された誘導適応モデル 43)。ある酵素において、特定の基質と結合す
る時にその酵素の活性部位の立体構造が変化し親和性を向上させるという現象。 
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A          B 
  
Figure 20. ヒト 5-HT7 受容体フルオレン環近傍 (B は A 図矢印方向からの図) 
（化合物近傍の受容体表面は以下の色で表示（赤：負に帯電、青：正に帯電）） 
 
電子供与性置換基であるメチル基を 5 位及び 8 位へ導入した化合物(38c, 32h)は 5-HT2B
に対して親和性が向上したが、5-HT7 に対して 5 位導入体 38c は親和性を保持し、8 位導入
体 38hは 5分の 1に減弱し、電子供与性置換基であるメチル基は 5位は許容されるものの、
8 位では許容されないことが示唆された。以上の結果から、二重拮抗薬創製には、電子吸
引性基・供与性基のいずれも許容される 5 位への置換基導入が好ましく、電子吸引性基に
限り 8 位も許容されることが確認された。 
次に 5 位の置換基導入の許容性を確認した(38d, 38e, 38i, 38j)。5 位へフッ素を導入した
38d は 5-HT2B に対してわずかに親和性を向上させ、5-HT7 に対しては若干減弱した親和性
を示した。一方、5 位へエチル基を導入した 38e は 5-HT2B に対して親和性を保持し、5-HT7
に対して親和性を向上した。しかしながら化合物 38e は脂溶性が高く水溶解性低減が懸念
された。化合物の極性増大を目的としてヒドロキシメチル基、メトキシメチル基を導入し
た 38i, 38j は 5-HT2B, 5-HT7 のいずれに対しても親和性が減弱した。これらの結果から、フ
ルオレン環 5 位へ、重原子二つ分までの大きさの脂溶性置換基を導入する事が、5-HT2B, 
5-HT7 のいずれに対しても有益であることが明らかとなった。この知見はドッキングスタ
ディ結果とも一致していた。すなわち、フルオレン環 5 位近傍には置換基導入可能な空間
が存在し、なおかつその蛋白表面の環境は脂溶性を好む環境であった(Figure 21)。 
9 
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A          B 
  
Figure 21. (A) ヒト5-HT2B 受容体のフルオレン環近傍(B) ヒト5-HT7 受容体フルオレン
環近傍（化合物近傍の受容体表面は以下の色で表示（緑：疎水性表面領域、青：やや極性
領域、紫：水素結合領域）） 
 
  
5 5 
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先に述べたドッキングスタディ結果において(R)-26a 体も(S)-26a 体も同等の結合モード
を取る結果を得ており、また、フルオレン環 9 位近傍に置換基導入が可能な空間があるこ
とが想定されたため、9 位の変換を行った化合物の評価を実施した。(Table 10)。9 位へ窒
素原子を導入した化合物 43a, 43c は両化合物とも、5-HT2B, 5-HT7 のいずれに対しても親和
性が減弱した。一方、フッ素原子を導入した化合物 46 は 5-HT2B に対して若干親和性を向
上させ、5-HT7 に対する親和性が減弱した。9 位へメチル基を導入した化合物 48 は 5-HT2B 
に対して若干親和性が減弱したが、5-HT7 に対する親和性は向上した。さらに、フルオレ
ン環の 9 位にメチル基と水酸基を導入した化合物 50a はメチル基のみを導入した化合物 48
と比較し 5-HT2B, 5-HT7 のいずれに対しても同等の親和性を示した。化合物 48 は化合物 26a
と比較し、脂溶性が増大し、極性が減弱していたが、化合物 50a は化合物 26a と同等の極
性で脂溶性を若干増加させ、脂溶性と極性のバランスが改善された化合物と考えられた。
一方、ドッキングスタディで示唆されたフルオレン環 9 位近傍に置換基導入可能な空間が
あるという事が評価結果から確認された。 
Table 10.  化合物 26a, 43a, 43c, 46, 48, 50a の 5-HT2B, 5-HT7 受容体結合試験結果. 
N
O
NH2
NH2
R1 R2 HCl
 
a 2HCl 塩. 
Compound -R1 -R2 5-HT2B Ki (nM) 5-HT7 Ki (nM) CLogP  TPSA 
26a OH H 1.8 18 0.98 101.7 
43a NHCOMe H 34 180 0.30 110.6 
43ca NH2 H 18 43 1.46 107.5 
46 F H 0.90 57 1.72 81.5 
48 Me H 4.4 4.1 3.15 81.5 
50a OH Me 4.3 4.3 1.36 101.7 
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Table 9 で良好な活性を示したフルオレン環 5 位上のメチル基、エチル基を化合物 50a に
導入した化合物の評価を実施した (Table 11)。フルオレン環 5 位へのメチル基、 エチル基
を導入した化合物 50b, 50c は、5 位無置換体 50a と比較し、5-HT2B に対して 4 倍から 6 倍
親和性が向上し、5-HT7 に対して同等もしくは若干向上した親和性を示した。 
 
Table 11.  化合物 50a-c の 5-HT2B, 5-HT7 受容体結合試験結果. 
 
 
 
 
 
 
 
 
 
  
Compound -R 5-HT2B Ki(nM) 5-HT7 Ki (nM) CLogP  TPSA 
50a H 4.3 4.3 1.36 101.7 
50b Me 1.1 4.0 1.98 101.7 
50c Et 0.71 2.3 2.49 101.7 
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ヒト 5-HT2B,5-HT7 に対する親和性が良好であった 7 化合物(26a, 38c, 38e, 48, 50a-c)につ
いて、さらなる薬理評価を実施した。経口投与時の化合物の薬理活性を確認するため、化
合物投与による 5-CT 体温低下作用の抑制効果の確認を実施した。5-HT7 受容体を介した薬
理作用により、5-カルボキサミドトリプタミン(5-CT) 投与が体温低下作用を示すことが報
告されている 44)。本試験系は、被験化合物の存在下、直腸内温度を測定し 5-CT による体
温低下作用抑制効果を測定することで、5-HT7 受容体を介した薬理作用を簡易的に評価す
る動物実験モデルである。化合物の 5-CT 体温低下抑制作用の値は、対象群と比較し、統
計的優位差がつく最少有効量(MED)で表した(Table 12)。化合物 50a はマウス経口投与で体
温低下抑制作用を示し、最少有効量は 30 mg/kg であった。一方、化合物 26a の最少有効量
は 30 mg/kg よりも高く、化合物 38e, 50b, 50c も同様に最少有効量が 30 mg/kg より高い
値であった。化合物 26a と比較して化合物 38e, 50b, 50c は in vitro の 5-HT7 受容体親和性
が向上しているが、いずれの化合物においても脂溶性が増大し、Fa, Fg が減弱したためで
あると考えた。化合物 38c, 48 は化合物単独で体温低下作用を示し、副作用懸念が示唆さ
れた。フルオレン環 9 位にメチル基と水酸基を有する化合物 50a は、フルオレン環 9 位に
水酸基を有する化合物 26a と比較して経口活性が向上したが、メチル基導入により脂溶性
が増大し、脂溶性と極性のバランスが改善され経口活性が向上した事が示唆された。さら
に、フルオレン環 9 位の水酸基は酸化代謝や抱合代謝を受ける可能性が考えられ、化合物
50a の 9 位メチル基導入により代謝安定性が向上し※、結果として in vivo 活性が向上した
のではないか、と考えられる。 
 
 
※化合物 50a の in vitro human CLint < 166 mL/min/kg であり、代謝的に安定であることが実
験的に確認されている。 
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Table 12.  化合物 26a, 38c, 38e, 48, 50a-c の 5-CT モデル評価結果. 
 
 
 
 
 
 
 
 
 
 
 
a 対象群と比較し、化合物経口投与によるマウス 5-CT 誘発体温低下作用を抑制する、統計
的優位差がつく最少有効量(MED) 
b 体温低下作用 (Hypothermic Effect) 
以後の化合物の 5-CT モデル評価も同様に実施した 
  
Compound 
5-HT2B Ki 
(nM) 
5-HT7 Ki 
(nM) 
5-CT 
MED poa (mg/kg)
CLogP  TPSA 
26a 1.8 18 >30 0.98 101.7 
38c 0.81 14 HEb 1.60 101.7 
38e 1.6 4.1 >30 2.11 101.7 
48 4.4 4.1 HE 3.15 81.5 
50a 4.3 4.3 30 1.36 101.7 
50b 1.1 4.0 >30 1.98 101.7 
50c 0.71 2.3 >30 2.49 101.7 
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化合物50aについて、5-HT2A, 5-HT2C, 1, D2, M1に対する親和性を評価した結果、5-HT2C
に対して中程度の親和性を示していたが、5-HT2A,1, D2, M1 に対して全く親和性を示さ
なかった。以上の結果から、化合物 50a は 5-HT2A, 5-HT2C, 1, D2, M1 受容体に対して
すぐれた選択性を示すことが明らかとなった(Table 13)。 
 
Table 13.  化合物 50a の受容体親和性評価結果 
 
 
 
 
 
さらに、化合物 50a 機能評価を行った。第一章に示した方法と同様に評価したが、5-HT7
受容体拮抗作用に関しても、cAMP 産生量を 50%阻害する濃度を IC50 値と規定した。化合
物 50a は、ヒト 5-HT2B,5-HT7 受容体拮抗作用を示すことが確認された(Table 14)。 
 
Table 14.  化合物 50a のヒト 5-HT2B, 5-HT7 受容体拮抗作用評価結果 
 
 
 
a 2 例以上の平均値を記載. 
b [3H]PI 代謝 IC50 値；ヒト 5-HT2B 受容体発現 HEK293 細胞. 
c cAMP 産生量 IC50 値；ヒト 5-HT7 受容体発現 CHO 細胞. 
以後の化合物のヒト 5-HT2B, 5-HT7 受容体拮抗作用評価も同様に実施した 
  
Compound 
Ki (nM) 
5HT2B 5HT7  5HT2A 5HT2C α1 D2 M1 
50a 4.3 4.3 >1000 390 >1000 >1000 >1000 
Compound 
5-HT2B 
IC50 (nM) a, b 
5-HT7 
IC50 (nM) a,c 
50a 52 59 
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以上の結果から、化合物 50a はヒト 5-HT2B,5-HT7 受容体拮抗活性を有し、5-HT2A, 5-HT2C, 
1, D2, M1 受容体に対する選択性に優れ、かつ、経口投与時の薬理活性も著しく向上して
いることが確認された。そこで、モルモット片頭痛モデルにおける予防効果の確認を行っ
た。その結果、化合物 50a 経口投与において、3 mg/kg から 30 mg/kg へと用量依存的に、
硬膜血管外漏出蛋白量を抑制した。30 mg/kg 投与時において、漏出蛋白量を無処置群と同
等レベルまで抑制し、経口投与によって片頭痛抑制効果が見られる化合物を見出すことに
成功した (Figure 22) 。 
 
 
Figure 22.  化合物 50a モルモット硬膜血管外蛋白漏出測定系評価結果 
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第五節 まとめ 
化合物 26a をリード化合物として、ヒト 5-HT2B, 5-HT7 親和性向上と経口活性向上を目
的としてフルオレンカルボニルグアニジン誘導体をデザインし、化合物合成及び評価を
行った。まず、5-HT2B, 5-HT7 とリード化合物のドッキングスタディを実施し、グアニジ
ノカルボニル基部分は活性中心の Asp(D135: 5-HT2B, D162: 5-HT7), Tyr(Y370: 5-HT2B, Y374: 
5-HT7),芳香族性残基(W131: 5-HT2B, F158: 5-HT7)と強固な相互作用ネットワークを形成し、
かつ、フルオレン環部分と脂溶性残基 Val(V136: 5-HT2B, V163: 5-HT7), Phe(F343: 5-HT7)と
の CH相互作用も予測され、フルオレンカルボニルグアニジン構造は各受容体親和性に
重要な役割を担っていると考えた。ドッキングスタディ結果からフルオレン環の 5 位から
8 位及び 9 位への置換基導入が可能と考え、最適化を行った。これらの化合物群中、N-ジ
アミノメチレン-9-ヒドロキシ-9-メチル-9H-フルオレン-2-カルボキサミド(50a)は、ヒト
5-HT2B,5-HT7 受容体へ強い親和性を示し (5-HT2B: Ki = 4.3 nM, 5-HT7: Ki = 4.3 nM)、5-HT2A, 
5-HT2C, 1, D2, M1 受容体との選択性に優れ、かつ、モルモット片頭痛病態モデルにおい
て経口投与で 30 mg/kg で無処置群と同等レベルまで硬膜蛋白漏出抑制作用を示した。 
 
  
51 
第三章 フルオレンカルボニルグアニジンへの 9 位置換基導入誘導体合成と構造活性相関、
光学分割体の取得 
 
第一節 さらなる経口活性向上を目指して 
これまでの研究において、化合物 50a はヒト 5-HT2B,5-HT7 受容体へ強い親和性を示し
(5-HT2B: Ki = 4.3 nM, 5-HT7: Ki = 4.3 nM)、5-HT2A, 5-HT2C, 1, D2, M1 受容体に対する選
択性に優れ、かつ、モルモット片頭痛病態モデルにおいて経口投与 30 mg/kg で無処置群と
同等レベルまで漏出蛋白量を抑制することが明らかとなった。本化合物は、片頭痛病態モ
デルで効果が見られる経口投与可能な唯一の化合物であるが、化合物の吸収過程において
酸化代謝もしくは抱合代謝が懸念されるフルオレン環 9 位水酸基を分子内に有しており、
この懸念点を払拭できればさらなる経口活性向上が望めると考えた。第二章において、フ
ルオレン環 5-8 位の最適化は実施済みであり、9 位の変換をさらに行うこととした。 
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第二節 化合物の合成方針 
化合物 50a の 9 位水酸基の代謝懸念回避による経口活性向上を目標として、以下の方針
で化合物変換を行うこととした。まず、9 位のメチル基を他のアルキル基へ変換、あるい
は 9 位水酸基をアルコキシ基へ変換し 9 位の変換可能性を確認した。さらに、9 位水酸基
を持たない種々のスピロ環誘導体を合成することとした。これまでの研究にて、本誘導体
においては、CLogP と TPSA のバランスを整える事により、経口活性が向上する事が明ら
かとなっている。スピロ環誘導体においては 9 位水酸基がないため、この知見を活かし
CLogP と TPSA を考慮して合成計画を立案した。 
 
X, Y = C or O
9
50a  
Figure 23. 合成方針 
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第三節 化合物の合成 
9 位二置換フルオレンカルボニルグアニジン誘導体の合成を Scheme 11 に示した。9-オ
キソフルオレン 4a にエチルマグネシウムブロミド及び、ノルマルブチルリチウムを作用さ
せ、9-エチル体 51a 及び 9-ブチル体 51b を得た。化合物 51a, 51b を対応するメチルエス
テルへ変換した後、鉄触媒を用いたメチルエーテル化反応 45)を行い、対応する 53a, 53b
へ変換した。ジメチルアセタール 54 は 9-オキソフルオレン 4a にオルトギ酸メチルを作用
させて得た。第一章に記載した方法と同様に、カルボン酸から CDI を用いた活性エステル
を経由するか、カルボン酸エステル体と加熱条件下グアニジンとの縮合反応を行い目的化
合物 52a-e を得た。 
a for 51a
b for 51b
c, d for 54
g (51a, 51b)
h (53a, 53b, 54)
4a
53a : R1 = OMe, R2 = Me, R' = Me
53b : R1 = OMe, R2 = Et, R' = Me
54 : R1, R2 = OMe, R' = nPr
51a : R1 = OH, R2 = Et, R' = H
51b : R1 = OH, R2 = n-Bu, R' = H
49a : R1 = OH, R2 = Me, R' = H
52a : R1 = OH, R2 = Et
52b : R1 = OH, R2 = n-Bu
52c : R1 = OMe, R2 = Me
52d : R1 = OMe, R2 = Et
52e : R1, R2 = OMe
e, f
e, f
 
Scheme 11. 反応条件と収率: (a) EtMgBr, THF, 0 ºC, 69%; (b) n-BuLi, THF, -78 ºC, 24%; (c) cat. 
H2SO4, n-PrOH, reflux, 95%; (d) HC(OMe)3, AcCl, MeOH, rt, 52%; (e) MeI, K2CO3, DMF, rt; (f) 
Fe(NO3)3·9H2O, MeOH, 80 ºC, 88% for 53a (two steps), 64% for 53b (two steps); (g) CDI, DMF, 
rt then guanidine hydrochloride, NaH, DMF, rt, 79% for 52a, 36% for 52b; (h) guanidine 
hydrochloride, NaH, DMF, 70 ºC, 68% for 52c, 66% for 52d, 76% for 52e. 
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Scheme 12 に 9 位にスピロシクロアルカン環を有するフルオレン誘導体の合成法を示し
た。化合物 55a46), 55b47)を NBS を作用させ 2 位をブロモ化した後、シアン化銅を用いて
2-CN 体 56a, 56b を合成し、塩基性条件下加水分解することで 57a, 57b に導いた。第一章
に記載した方法と同様にグアニジンとの縮合反応を行い目的化合物 58a, 58b を得た。 
 
55a : n=1
55b : n=3
(  )n (  )n (  )n (  )n
a,b c d
56a : n=1
56b : n=3
57a : n=1
57b : n=3
58a : n=1
58b : n=3
Scheme 12. 反応条件と収率: (a) NBS, propylene-carbonate, 60 ºC; (b) CuCN, DMF, reflux, 19% 
for 56a (two steps), 57% for 56b (two steps); (c) 8 M KOH, EtOH, reflux, 96% for 57a, quant. for 
57b; (d) CDI, DMF, rt then guanidine carbonate, rt, 77% for 58a, 70% for 58b. 
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9 位にスピロテトラヒドロフラン環を有するフルオレン誘導体の合成法を Scheme 13 に
示した。9-オキソフルオレン 4a にアリルマグネシウムクロリドを作用させ、エステル化し
て化合物 59 を得た。ボラン-THF 錯体を用いたヒドロホウ素化反応の後、過酸化水素水を
作用させて酸化反応を行いジオール体 60 を得た。60 の 1 級アルコールをトシル化した後、
塩基性条件下にてスピロ環化反応を行い、スピロフラン環カルボン酸 61 を得た。第一章に
記載の方法にてグアニジンとの縮合反応を行い 62 を得た。 
60594a
61 62
c
ed
a b
f
CO2MeCO2H
CO2H
CO2Me
O HO
O
O
N N H2
N H2
O
O HOH
Scheme 13. 反応条件と収率: (a) Allylmagnesium chloride (2 M in THF), -20 ºC then 0 ºC; (b) 
MeI, NaHCO3, DMF, 50 ºC, 99% (two steps); (c) BH3-THF complex, then 30% H2O2, 3 M NaOH, 
THF, 60 ºC, 37%; (d) TsCl, pyridine, 0 ºC, 90%; (e) 1 M NaOH, MeOH, 60 ºC, 88%; (f) CDI, DMF, 
rt then guanidine carbonate, rt, 82%. 
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9 位にスピロテトラヒドロピラン環を有するフルオレン誘導体の合成法を Scheme 14 に
示した。4-メチルフェニルボロン酸と 2-ブロモヨードベンゼンとの鈴木-宮浦カップリング
反応の後、ブロモ基をリチオ化し、テトラヒドロピラノンを作用させて中間体 64 を得た。 
酸性条件下で中間体 64 の環化反応 47)を行い、スピロ化合物 65 を得た。過マンガン酸カリ
ウムを作用させて化合物 65 のメチル基をカルボン酸へ変換した後、メチルエステル体 66
へ導いた。第一章に記載の方法にて、エステル体 66 とグアニジンを塩基性条件下、縮合反
応を行い、化合物 67 を得た。 
 
63 64 65
66 67
a b c
e fd
 
Scheme 14. 反 応 条 件 と 収 率 : (a) 4-methylphenylboronic acid, Pd(PPh3)4, Na2CO3, 
1',2-dimethoxyethane-H2O, reflux, 95%; (b) n-BuLi, THF, -78 ºC, tetrahydro-4H-pyran-4-one then 
rt, 67%; (c) 38% HCO2H, reflux, 82%; (d) KMnO4, pyridine-H2O, reflux; (e) cat. H2SO4, MeOH, 
reflux, 10% (two steps); (f) guanidine hydrochloride, NaH, DMF, 70 ºC, 50%. 
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9 位にスピロメチルピペリジン環を有するフルオレン誘導体の合成法を Scheme 15 に示
した。市販 2-ブロモフルオレン 68 の 9 位へジアルキル基を挿入した後、シアン化銅を用
いて 2-CN 体へ変換した。得られたニトリル体を、塩基性条件下加水分解することでカル
ボン酸 69 に導いた。カルボン酸 69 をエチルエステル保護した後、ベンジル基の脱保護に
よりジオール体へ導き、ジオールをトシル化して化合物 70 を得た。化合物 70 に封管容器
中メチルアミンを作用させ、スピロメチルピペリジン環を有する化合物 71 へ導いた。なお、
本反応中、エチルエステルからメチルエステルへのエステル交換も同時に行われた。第一
章に記載の方法にて、エステル体 71 とグアニジンを塩基性条件下、縮合反応を行い、化合
物 72 を得た。 
 
a
g
db c fe
69
7271
68 70
h
CO2Me
OTsTsO
CO2EtCO2H
BnO OBn
O NH2
NH2N
NN
Br
 
Scheme 15. 反応条件と収率: (a) Benzyl 2-chloroethyl ether, t-BuOK, DMSO, 0 ºC to 50 ºC 
reflux, 56%; (b) CuCN, DMF, reflux, 49%; (c) 8 M KOH, EtOH, reflux, 85%; (d) NaHCO3, EtI, 
DMF, rt. quant.; (e) H2, Pd/C, MeOH, rt; (f) TsCl, Et3N, CH2Cl2, rt, 46% (two steps); (g) 40% 
MeNH2/MeOH, K2CO3, dioxane, reflux, 44%; (h) guanidine hydrochloride, NaH, DMF, 70 ºC, 
64%. 
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第四節 化合物の薬理評価結果と考察 
立案した合成方針に基づき 9 位への置換基導入を行った化合物の評価結果を Table 15 に
示す。9 位のメチル基(50a)をエチル基(52a)、ブチル基(52b)へと変換したところ、5-HT2B
受容体に対して活性が減弱し、5-HT2B 受容体ポケットにおいて 9 位近傍は立体的に狭い事
が示唆された。一方、5-HT7 受容体に対する親和性は、エチル基を有する化合物(52a)は 3
倍向上したが、ブチル基を有する化合物(52b)は大幅に減弱し、5-HT7 受容体のポケット中、
9 位近傍は重原子 2 つ分までは許容される、ということが示唆された。9 位水酸基(50a)を
メトキシ基(52c)に変換したところ、5-HT2B 受容体に対して親和性は保持し、5-HT7 受容体
に対して 3 倍ほど親和性が増強し 9 位水酸基の変換が可能であることが示唆された。化合
物 52c のメトキシ基を固定し、エチル基へと変換した化合物 52d は、5-HT2B 受容体に対し
て親和性は保持し、5-HT7 受容体に対して 2 倍ほど親和性が向上した。さらに、9 位にメト
キシ基を二つ置換し、対称性を持つ化合物である化合物 52e は、5-HT2B, 5-HT7 両受容体
に対して親和性が向上した。 
Table 15.  化合物 50a, 52a-e の 5-HT2B, 5-HT7 受容体結合試験結果. 
 
a Free 体. 
 
Compound -R1 -R2 5-HT2B Ki (nM) 5-HT7 Ki (nM) 
50a OH Me 4.3 4.3 
52a OH Et 41 1.2 
52b OH n-Bu 31 >100 
52c OMe Me 3.3 1.4 
52d OMe Et 4.8 0.60 
52e a OMe OMe 2.0 0.76 
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これらの結果から、フルオレン環 9 位への置換基導入に関し、重原子 2 つ分まで強い
5-HT2B, 5-HT7 両受容体親和性を示すことが明らかとなった。第二章に示した通り、9 位へ
の窒素原子(43a, 43b)、フッ素原子(46)の導入は両受容体親和性を減弱させたが、炭素原子、
酸素原子は許容される、という事が明らかとなった。 
Table 16 に、フルオレン環 9 位にスピロ環を導入した化合物の評価結果を示す。化合物
50a と比較し、スピロシクロプロパン環を有する化合物 58a は 5-HT2B 受容体に対して 8 倍
親和性が向上し、5-HT7 受容体に対して同等の親和性を有した。スピロシクロペンタン環
を有する化合物 58b は、5-HT2B, 5-HT7 両受容体に対して 2 から 3 倍親和性が向上した。
枝分かれした化合物群の構造活性相関ではフルオレン環 9 位近傍の空間許容性に限界があ
ると考えられたが、立体的に傘高いスピロシクロペンタン環 58b の方がスピロシクロプロ
パン環 58a よりも強い親和性を示したことは興味深い。これらの化合物(58a, 58b)は、両受
容体に対する親和性は向上したものの、CLogP と TPSA 値を比較してみると、化合物 50a
に比べて高い CLogP 値及び低い TPSA 値を示し、CLogP と TPSA のバランスが崩れ経口活
性が減弱していると考えられた。 酸素原子を含む 5 員環（テトラヒドロフラン環）化合物
62 は 5-HT2B 受容体に対して親和性は保持し、5-HT7 受容体に対して 2 から 3 倍ほど親和性
が向上した。一方、酸素原子を含む 6 員環（テトラヒドロピラン環）化合物 67 は 5-HT2B
受容体に対して親和性がおよそ 2 分の 1 に減弱し、5-HT7 受容体に対して 3 倍ほど親和性
が向上した。また、窒素原子を含む 6 員環（N-メチルピペリジン環）化合物 72 は 5-HT2B
受容体に対して大幅に親和性が減弱し、5-HT7 受容体に対して親和性を保持した。これら
の結果から、テトラヒドロフラン環を有する化合物 62 は、両受容体に対する強い親和性を
保持し、好ましい物理化学的性質を有している化合物と期待される。 
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Table 16.  化合物 58a, 58b, 62, 67, 72 の 5-HT2B, 5-HT7 受容体結合試験結果. 
 
a 2 HCl 塩 
  
Compound -R1 -R2 
5-HT2B Ki 
(nM) 
5-HT7 Ki  
(nM) 
ClogP TPSA 
50a OH Me 4.3 4.3 1.36 101.7 
58a -(CH2)2- 0.51 4.9 3.01 81.5 
58b -(CH2)4- 1.7 1.8 4.06 81.5 
62 -O(CH2)3- 5.1 1.7 2.32 90.7 
67 -(CH2)2O(CH2)2- 9.1 1.3 2.34 90.7 
72 a -(CH2)2NMe(CH2)2- >1000 3.5 2.24 84.7 
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5-HT2B, 5-HT7 の親和性が良好であった 6 化合物(52c-e, 58a, 58b, 62)についてさらなる薬
理評価を実施した。第二章の検討と同様、化合物投与による 5-CT 体温低下作用の抑制効
果を確認し、経口投与時の薬理活性を評価した。化合物の薬理作用の値は、対象群と比較
し、統計的優位差がつく最少有効量(MED)で表した(Table 17)。 
フルオレン環 9 位二置換枝分かれ化合物の結果を比較すると、50a と 52c の MED 値は共
に 30 mg/kg であったが、化合物 52d の MED 値は 10 mg/kg であった。化合物 52d の経口活
性が改善されたのは、5-HT7 受容体親和性が向上したことに由来していると考えられた。
一方、化合物 52e は 52d と同等の 5-HT7 受容体親和性を示しているにも関わらず、MED 値
は 30 mg/kg 以上の値を示した。化合物 52e の CLogP 値は 52d の CLogP 値よりも小さく、
極性が高くなり CLogP と TPSA のバランスが崩れたためではないかと考えている。 
フルオレン環 9 位スピロ環タイプ化合物の結果を比較すると、シクロペンタン環化合物
58b は予測通り 30 mg/kg よりも大きな MED 値を示した。さらにシクロプロパン環化合物
58a は化合物単独で体温低下作用を示し、副作用懸念が示唆された。テトラヒドロフラン
環化合物 62 の MED 値は 3 mg/kg であり、リード化合物 50a と比較し約 10 倍の経口活性
向上が見られた。 
フルオレン環 9 位二置換枝分かれ型、スピロ環化合物 52d, 62 は似たような CLogP 値、
TPSA 値を示していたが、62 の方が優れた経口活性を示した。CLogP 値、TPSA 値は化合
物二次元構造で決まる値である。化合物の三次元構造を考えた際には、化合物 62 の方が体
積、非極性表面積が小さい事※から、62 の方が脂溶性が低く脂溶性の差が 52d, 62 の 3 倍
ほどの経口活性の差に結びついていると考えている。 
 
 
 
 
※化合物 52d,62 の最安定構造を Confgen48)(OPLS_2005 力場)を用いて算出し、得られた配
座の Non-polar surface area を MOE30)を用いて算出した。52d:281.4119, 62:263.7134 
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Table 17.  化合物 50a, 52c-e, 58a, 58b, 62 の 5-CT モデル評価結果. 
 
 
 
 
 
 
 
 
 
 
 
 
  
Compound 
5-HT2B Ki 
(nM) 
5-HT7 Ki 
(nM) 
5-CT 
MED po 
(mg/kg) 
ClogP TPSA 
50a 4.3 4.3 30 1.36 101.7 
52c 3.3 1.4 30 1.88 90.7 
52d 4.8 0.60 10 2.39 90.7 
52e 2.0 0.76 >30 0.97 99.9 
58a 0.51 4.9 HE 3.01 81.5 
58b 1.7 1.8 <=100 4.06 81.5 
62 5.1 1.7 3 2.32 90.7 
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化合物 62 について、5-HT2A, 5-HT2C, 1, D2, M1 に対する親和性を評価した結果、5-HT2C
に対して中程度の親和性を示していたが、5-HT2A, 1, D2, M1 に対して全く親和性を示さ
なかった。以上の結果から、化合物 62 は 5-HT2A, 5-HT2C, 1, D2, M1 受容体に対してす
ぐれた選択性を示すことが明らかとなった(Table 18)。 
 
Table 18.  化合物 62 の受容体親和性評価結果 
 
 
 
 
 
さらに、化合物 62 の機能評価を行い、ヒト 5-HT2B, 5-HT7 受容体拮抗作用を示すことを
確認した(Table 19)。 
Table 19.  化合物 62 のヒト 5-HT2B, 5-HT7 受容体拮抗作用評価結果 
 
 
 
  
Compound 
Ki (nM) 
5-HT2B 5-HT7  5-HT2A 5-HT2C α1 D2 M1 
62 5.1 1.7 >1000 152 >1000 >1000 >1000 
Compound 
5-HT2B 
IC50 (nM)  
5-HT7 
IC50 (nM)  
62 55 16 
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以上のことから、化合物 62はヒト 5-HT2B, 5-HT7受容体拮抗活性を有し、5-HT2A, 5-HT2C, 
1, D2, M1 受容体に対する選択性に優れ、かつ、経口投与時の薬理活性も著しく向上して
いることが確認された。そこで、モルモット片頭痛モデルにおける予防効果の確認を行っ
た。その結果、化合物 62 は経口投与において、1 mg/kg から 10 mg/kg へと硬膜血管外蛋白
漏出量を用量依存に抑制した。 10 mg/kg 投与時においては無処置群と同等レベルまで漏
出蛋白量を抑制し、経口投与によって、低用量から片頭痛抑制効果を示す化合物を見出す
ことに成功した(Figure 24)。 
 
Figure 24.  化合物 62 モルモット硬膜血管外蛋白漏出測定系評価結果 
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第五節 光学分割検討 
これまでに述べてきたとおり、化合物 62 は極めて良い薬効を示した。しかしながら、
フルオレン環 9 位に不斉炭素を有しているラセミ体化合物である。1990 年代以後、FDA
等によりラセミ医薬品開発時のガイドラインが発行され、新たなキラル医薬品開発時には、
光学活性体を取得し各異性体の薬効や毒性等の評価を行うことが世界標準となっている
49)。そこで、光学純度が高い(S)-62, (R)-62 を得ることとした。本化合物においてはグアニ
ジンとの縮合反応前のカルボン酸中間体 61 と各種キラルアミンを用いた光学分割を検討
した。市販で入手可能な 12 種類のキラルアミンを用いてスクリーニングを実施した結果を
Table 20 に示す。 
化合物 61 と 1 等量の各種キラルアミンを 7 種の検討溶媒(EtOH, 80% EtOH-H2O, MeOH, 
80% MeOH-H2O, acetone, CH3CN, THF)に溶解させた溶液を試験管に入れ、室温で 7 日から
10 日間静置した。固体塩が析出しない条件や、鏡像異性体過剰率(ee)が低いアミンがほと
んどであった。その中で、天然アルカロイドの一種であるブルシンを THF 中で用いた際に
(R)-61 が 66% ee で取得することが可能であった。さらに、シンコニジンをアセトン中で用
いた際に(S)-61 が 29% ee で取得することが可能であった 50)。 
 
Table 20.  各種アミンを用いた光学分割の検討結果（固体析出条件のみ結果記載） 
キラルアミン 溶媒 結果 R/S 
Cinchonine EtOH 21% ee (S)-61 
acetone 3% ee (S)-61 
THF 1% ee (R)-61 
(R)-(+)-1-(1-Naphthyl)-ethylamine acetone 16% ee (R)-61 
CH3CN 3% ee (R)-61 
Brucine dihydrate EtOH 10% ee (S)-61 
80% EtOH-H2O 33% ee (S)-61 
MeOH 20% ee (R)-61 
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80% MeOH-H2O 20% ee (R)-61 
CH3CN 34% ee (R)-61 
THF 66% ee (R)-61 
(-)-Cinchonidine acetone 29% ee (S)-61 
CH3CN 6% ee (S)-61 
(1R, 2S)-(-)-2-Amino-1,2-diphenylethanol EtOH 11% ee (S)-61 
80% EtOH-H2O 20% ee (S)-61 
MeOH 10% ee (S)-61 
80% MeOH-H2O 8% ee (S)-61 
CH3CN 2% ee (S)-61 
(1S, 
2S)-(+)-2-Amino-1-(4-nitrophenyl)-propane-1,3-d
iol 
EtOH 2% ee (R)-61 
acetone 14% ee (S)-61 
Quinidine 
Dehydroabiethylamine 
L-Phenylalaninol 
(R)-(+)-Alpha-methylbenzylamine 
(1R, 2R)-(-)-2-Amino-1-phenyl-1,3-propanediol 
(S)-1-Pheynyl-2-(p-tolyl)-ethylamine 
各種溶媒条件で固体析出せず 
造塩条件: 61, 80 mg (0.3 mmol) 及びキラルアミン(0.3 mmol)を溶媒 0.6 mL に溶解させ、室
温にて 7-10 日間放置。 
化合物 61 HPLC 分析条件：chiral pak AD-H® (0.46 cm I.D. x 25 cm), Hexane/EtOH = 85/15, 
0.1% TFA, flow = 0.5 mL. (S)-61: 21 min, (R)-61: 32 min. 
 
上記の結果からキラルアミンとしてブルシン、シンコニジンを選択し、溶媒条件を検討
し各異性体取得条件の最適化を行った結果を Table 21 に示す。光学分割のスケールアップ
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や再現性の確認を行った結果、(R)-61 についてブルシン/80% DMF 系中で 86% ee で取得可
能であり、(S)-61 についてシンコニジン/2-butanone 系中で 60% ee で取得可能であることを
見出した。得られた塩の再結晶を繰り返すことにより光学純度良く(R)-61 体、(S)-61 体を
得る事ができた。 
 
Table 21.  光学分割の溶媒検討結果 
キラルアミン 溶媒 結果 R/S 
Brucine dihydrate 
EtOH 10% ee (S)-61 
80% EtOH 33% ee (S)-61 
60% EtOH 47% ee (S)-61 
20% EtOH 5% ee (S)-61 
MeOH 20% ee (R)-61 
80% MeOH 20% ee (R)-61 
i-PrOH 6% ee (R)-61 
CH3CN 34% ee (R)-61 
EtOAc 50% ee (R)-61 
THF 66% ee (R)-61 
Et2O 3% ee (R)-61 
n-BuOH 59% ee (R)-61 
benzene 48% ee (R)-61 
1,4-dioxane 80% ee (R)-61 
80% DMF 86% ee (R)-61 
50% DMF 79% ee (R)-61 
H2O 2% ee (R)-61 
(-)-Cinchonidine 
CH3CN 6% ee (S)-61 
1,4-dioxane 12% ee (S)-61 
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EtOAc 45% ee (S)-61 
n-propyl acetate 27% ee (S)-61 
methyl propionate※ 64% ee (S)-61 
ethyl propionate 30% ee (S)-61 
acetone 29% ee (S)-61 
2-butanone 60% ee (S)-61 
2-pentanone 53% ee (S)-61 
3-methyl-2-butanone 44% ee (S)-61 
pinacolin 34% ee (S)-61 
造塩条件: 61, 80 mg (0.3 mmol) 及びキラルアミン(0.3 mmol)を溶媒 0.6 mL に溶解させ、室
温にて 1-5 日間放置。 HPLC 条件は Table20 以下に示した条件と同じ。 
※methyl propionate を溶媒として用いた際、61 の溶解性が悪かったため、スケールアップを
試みていない。 
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第一章に示した方法と同様の方法にて、カルボン酸 (R)-61, (S)-61 とグアニジンの縮合反
応を実施し、(S)-62, (R)-62 をそれぞれ光学純度良く得た(Scheme 16)。 
· cinchonidine
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· brucine
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Scheme 16. 反応条件と収率: (a) cinconidine, 2-butanone, 60 ºC then rt, recrystallization (4 
times), 21%; (b) brucine, 80% DMF-H2O, 60 ºC then rt, recrystallization (twice), 44%; (c) 1M HCl, 
H2O, rt; (d) CDI, DMF, rt then guanidine carbonate, rt, 45% for (S)-62 (two steps), 42% for (R)-62 
(two steps). 
 
化合物 62 HPLC分析条件：chiral pak OJ-H® (0.46 cm I.D. x 25 cm), Hexane/EtOH = 70/30, 0.1% 
DEA, flow = 0.5 mL. (S)-62: 24 min, (R)-62: 16 min.  
 
絶対配置(R, S)はカルボン酸 61、最終体 62 の VCD スペクトル※51)を測定し決定した
(Figure 25)。 
 
 
 
 
※VCD スペクトル：p71 に示す。 
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 (A)                                (B) 
  
(C)                               (D) 
 
Figure 25. 61 及び 62 の VCD スペクトル. (A) (S)-61 (B) (R)-61 (C) (S)-62 (D) (R)-62. 
 
配座探索：Conflex，MMFF94s 
最適化，エネルギー計算，スペクトル計算：Gaussian09，DFT，B3LYP，6-31G＊ 
測定条件：CDCl3, 室温, 積算回数：5000 
濃度：(S)-61, (R)-61：12.6 mg /200 L, (S)-62：5.4 mg /300L, (R)-62：9.6mg /400L 
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第六節 光学分割体の薬理評価結果と考察 
光学純度良く得られた(S)-62, (R)-62 の in vitro 評価を実施した(Table 22)。両異性体とも、
ヒト 5-HT2B, 5-HT7 両受容体に対して強い親和性及び拮抗作用を示した。なお、公知データ
(ChEMBL52))を用いた vitro 実験誤差推定論文報告によれば、実験誤差は 0.44 pKi（0.6 
kcal/mol, 活性比としては 3 倍）と推定されており 53)、(S)-62, (R)-62 の活性差はこの範囲に
収まっている。そのため、(S)-62, (R)-62 はほぼ同等の活性を示している、と考えている。 
 
Table 22.  光学分割体(S)-62 及び (R)-62 の In vitro 評価結果 
 
 
 
 
 
※VCD スペクトル(振動円二色性スペクトル)は、赤外領域を利用し
た円二色性(CD)スペクトルのことであり、分子振動状態の遷移に基
づく情報が得られる。軸不斉を含む光学異性体においては位相が逆
の関係となり、測定結果と分子軌道計算結果とを照らし合わせ、構
造を決める事が可能である。CDCl3 溶解性があり、配座異性体数が
少なく、分子間相互作用の懸念が小さい化合物が、分析に適しているとされる 54)。 
 
 
Compound 
5-HT2B 
Ki (nM) 
5-HT7 
Ki (nM)  
5-HT2B 
IC50 (nM) 
5-HT7 
IC50 (nM) 
(S)-62 2.7 3.3 35 15 
(R)-62 5.1 5.1 73 41 
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さらに、モルモット片頭痛モデルにおける予防効果の確認を行い、両異性体共に経口投
与において、1 mg/kg から 10 mg/kg へと硬膜血管外蛋白漏出量を用量依存的に抑制し、10 
mg/kg 投与時においては無処置群と同等レベルまで漏出蛋白量を戻し、経口投与によって、
低用量から片頭痛抑制効果が見られるキラル医薬品二化合物を見出すことに成功した
(Figure 26)。 
 
 
 
Figure 26.  光学分割体(S)-62 及び (R)-62 のモルモット硬膜血管外蛋白漏出測定系評価
結果 
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(S)-62, (R)-62 両異性体とヒト 5-HT2B の複合体構造、 5-HT7 モデル構造に対するドッキン
グスタディを実施した。第二章で記載した結果と同様、グアニジノカルボニル基部位は活
性中心の残基と強固な相互作用ネットワークを形成しており、フルオレン環と近傍残基と
の CH-相互作用も確認され、両異性体間で推定結合モードに違いが見られなかった。こ
の結果は、(S)-62, (R)-62 両異性体が in vitro, in vivo で同等の薬理活性を示したことと矛盾が
ない(Figure 27)。 
 
Figure 27.  (A) 化合物 62 のヒト 5-HT2B 受容体(PDB code 4IB4)への推定結合モード(左)S-
体、(右)R-体: (B) 化合物 62 のヒト 5-HT7 受容体モデル（ヒト 5-HT2B 受容体(PDB code 4IB4
を鋳型として作成)への推定結合モード(左)S-体、(右)R-体: 青：窒素、赤：酸素、灰色：炭
素、化合物のそれぞれの元素を示す。化合物近傍の受容体表面は以下の色で表示（緑：疎
水性表面領域、青：やや極性領域、紫：水素結合領域） 
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第七節 まとめ 
化合物 50a からヒト 5-HT2B, 5-HT7 二重拮抗薬創製を目的とした種々のフルオレンカルボ
ニルグアニジン誘導体のデザイン、合成及び評価を実施した。フルオレン環の 9 位上の置
換基の最適化を行った結果、N-ジアミノメチレン-4’,5’-ジヒドロ-3’H-スピロ[フルオレン
-9,2’-フラン]-2-カルボキサミド(62)がヒト 5-HT2B, 5-HT7 受容体へ強い親和性を示し
(5-HT2B: Ki = 5.1 nM, 5-HT7: Ki = 1.7 nM)、他のオフターゲット（5-HT2A, 5-HT2C, 1, D2, 
M1）に対する選択性に優れる化合物であることを見出した。カルボン酸中間体(61)とキラ
ルアルカロイドであるシンコニジン、ブルシンを用いたジアステオマー塩形成による光学
分割により、光学純度良く(S)-62, (R)-62 両異性体の取得が可能である事を見出した。両異
性体共に、モルモット片頭痛病態モデルにおいて経口投与で 10 mg/kg で無処置群と同等レ
ベルまで漏出蛋白量を抑制した。(R)-62 体、(S)-62 体両異性体共に、ヒト臨床候補化合物
として選択されており、GMP（Good Manufacturing Practice）サンプル合成用のプロセス研
究も終了している 55)。 
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結論 
 
著者は、新規 5-HT2B, 5-HT7 二重拮抗薬の創製をめざし、アステラス製薬保有ライブラ
リーに対する HTS により取得したヒット化合物 1 から合成展開を行った結果、以下の知見
を得た。 
 
第一章では、HTS ヒット化合物 1 のヒト 5-HT2B, 5-HT7 受容体親和性向上及び水溶解性
向上を目的として種々の 3 環性芳香環カルボニルグアニジン誘導体の合成と評価を行った。
さらに、フルオレン環 9 位の変換やグアニジノカルボニル基の置換位置・距離の探索を行
い、ヒト 5-HT2B, 5-HT7 受容体親和性発現に必要な構造を明らかとした。その結果、フルオ
レン環 2 位にグアニジノカルボニル基が直結して置換した構造が、最も適切な構造である
ことが明らかとなった。また、母核環構造の分子モデリング解析から、6,5,6-員環の中央下
側部分（フルオレン環 9 位に相当する位置）に正に帯電した領域が存在することが、5-HT7
受容体親和性に重要であることが示唆された。これら化合物群の中で、フルオレン環 9 位
へ水酸基を導入した N-(9-ヒドロキシ-9H-フルオレン-2-カルボニル)グアニジン(26a)は、ヒ
ト 5-HT2B, 5-HT7 受容体へ強い親和性を示し(5-HT2B: Ki = 1.8 nM, 5-HT7: Ki = 18 nM)、他の
オフターゲット(5-HT2A, 5-HT2C, 1, D2, M1)に対する選択性に優れた。モルモット片頭
痛病態モデルにおいて経口投与で硬膜蛋白漏出抑制作用を示したが、腹腔内投与時に比べ
in vivo 薬効が弱かった。 
 
第二章では、化合物 26a と比較して、ヒト 5-HT2B, 5-HT7 受容体親和性と経口活性が向上
した化合物を取得するために、フルオレンカルボニルグアニジン誘導体のデザイン、化合
物合成及び評価を行った。合成方針立案時に、ヒト 5-HT2B, 5-HT7 受容体とリード化合物
26a のドッキングスタディを実施し、化合物構造において各受容体との親和性に重要な相
互作用を担う部分構造を推定した。その結果、グアニジノカルボニル基部分は活性中心の
Asp(D135:5-HT2B, D162:5-HT7), Tyr(Y370:5-HT2B, Y374:5-HT7),芳香族性残基(W131:5-HT2B, 
F158:5-HT7)と強固な相互作用ネットワークを形成し、かつ、フルオレン環部分と脂溶性残
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基 Val(V136:5-HT2B, V163:5-HT7), Phe(F343:5-HT7)との CH-相互作用も予測され、フルオレ
ンカルボニルグアニジン構造は各受容体親和性に重要な役割を担っていると考えた。ドッ
キングスタディ結果からフルオレン環の 5 位から 8 位及び 9 位への置換基導入が可能と考
え最適化を行った。これら化合物群の中で、N-(ジアミノメチレン-9-ヒドロキシ-9-メチル
-9H-フルオレン-2-カルボキサミド(50a)は、強いヒト 5-HT2B, 5-HT7 受容体親和性を示し 
(5-HT2B: Ki = 4.3 nM, 5-HT7: Ki = 4.3 nM)、他のオフターゲット(5-HT2A, 5-HT2C, 1, D2, 
M1)に対する選択性に優れていた。また、モルモット片頭痛病態モデルにおいて経口投与
で 30 mg/kg で無処置群と同等レベルまで硬膜血管漏出蛋白量を抑制した。 
 
第三章では、化合物 50a をリード化合物とし、ヒト 5-HT2B, 5-HT7 受容体二重拮抗薬とし
ての種々フルオレンカルボニルグアニジン誘導体をデザイン、化合物合成及び評価を実施
した。フルオレン環の 9 位上の置換基の最適化を行った結果、N-ジアミノメチレン-4’,5’-
ジヒドロ-3’H-スピロ[フルオレン-9,2’-フラン]-2-カルボキサミド(62)がヒト 5-HT2B, 5-HT7
受容体へ強い親和性を示し (5-HT2B: Ki = 5.1 nM, 5-HT7: Ki = 1.7 nM)、他のオフターゲット
(5-HT2A, 5-HT2C, 1, D2, M1)に対する選択性に優れる化合物であることを見出した。カ
ルボン酸中間体 61 とキラルアルカロイドであるシンコニジン、ブルシンを用いたジアステ
オマー塩形成による光学分割により、光学純度良く(R)-62 体、(S)-62 体の取得が可能であ
る事を見出した。(R)-62, (S)-62 両異性体共に、モルモット片頭痛病態モデルにおいて経口
投与で 10 mg/kg で無処置群と同等レベルまで硬膜血管漏出蛋白量を抑制した。両異性体共
に、ヒト臨床候補化合物として選択されており、GMP サンプル合成用のプロセス研究が行
われている。 
 
本研究により得られた知見が今後のヒト 5-HT2B, 5-HT7 受容体二重拮抗薬の創薬研究に
応用されることを望むとともに、化合物(R)-62 体、(S)-62 体のように優れたプロファイル
を有するヒト 5-HT2B, 5-HT7 受容体二重拮抗薬が、片頭痛の新しい予防薬となることを期待
したい。 
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実験の部 
 
Chemistry 
 
1H-NMR spectra were recorded on a JEOL JNM-LA300, JEOL JNM-EX400 or JEOL JNM-A500 
spectrometer and were referenced to an internal standard, tetramethylsilane.  The abbreviations 
used for the signal patterns are as follows: s, singlet; br s, broad singlet; d, doublet; t, triplet; q, 
quartet; br q, broad quartet; sext, sextet; dd, double doublet; dt, double triplet; dq, double quartet; td, 
triple doublet; tt, triple triplet; qd, quad doublet; m, multiplet.  13C-NMR spectra were recorded on 
a BRUKER AV-III HD 500 spectrometer.  Mass spectra were recorded on a Hitachi M-80 or JEOL 
JMS-DX300 mass spectrometer, and the ionization method was chosen from EI, ESI and FAB.  
The elemental analyses were performed with a Yanaco MT-5 microanalyzer (C, H, N) and a 
Yokogawa IC-7000S ion chromatographic analyzer (F, Cl).  Uncorrected melting points (Mps) 
were determined using BÜCHI B-545 or Yanaco MP-500D micro melting apparatuses.  IR spectra 
were recorded on a HORIBA FT-IR FT-720. Preparative column chromatography was performed 
with Wakogel C-200 or Merck silica gel 60 or Fuji silisia NH2 Chromatorex.  Enantiomeric excess 
(ee) was determined using DAICEL ChiralPak AD-H® (4.6 x 250 mm, eluent : hexane/EtOH 
[85:15]-0.1% TFA, flow rate : 0.5 mL/min, 25 ºC, UV detection: 254 nm) for compound 61 [(S)-61: 
21 min, (R)-61: 32 min], or DAICEL ChiralPak OJ-H® (4.6 x 250 mm, eluent : hexane/EtOH 
[70:30]-DEA 0.1%, flow rate : 0.5 mL/min, 40 ºC, UV detection: 254 nm) for compound 62 
[(S)-62: 24 min, (R)-62: 16 min].  Unless otherwise noted, all commercial reagents and solvents 
were used without further purification. 
 
Chapter 1 
 
N-(Diaminomethylene)-9H-fluorene-2-carboxamide (1). 
To a solution of 9H-fluorene-2-carboxylic acid (2a, 520 mg, 2.47 mmol) in DMF (6 mL) was 
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added 1,1’-carbonyldiimidazole (CDI) (440 mg, 2.71 mmol) at room temperature, the reaction 
mixture was stirred at 50 °C for 1 h, then allowed to cool. This mixture was added under 
ice-cooling to a solution which had been prepared by addition of NaH (55% dispersion in mineral 
oil; 500 mg, 12.5 mmol) to DMF (6 mL) solution of guanidine hydrochloride (1.18 g, 12.3 mmol) 
and stirring at room temperature for 1 h, and the reaction mixture was stirred at room temperature 
for 2 h. The reaction mixture was concentrated in vacuo and added CHCl3 and water. The aqueous 
layer was extracted with CHCl3, and the combined organic layer was washed with 1M NaOH aq, 
dried over MgSO4. After evaporation in vacuo, the resultant residue was purified by silica gel 
column chromatography (EtOAc), recrystalization from MeOH to give the title compound 1 (140 
mg, 23%) as a pale yellow solid.  
1H NMR (DMSO-d6) δ: 3.96 (2H, s), 7.31–7.42 (2H, m), 7.60 (1H, d, J = 6.9 Hz), 7.88 (1H, d, J = 
8.6 Hz), 7.93 (1H, d, J = 8.3 Hz), 8.12 (1H, dd, J = 1.4, 8.3 Hz), 8.31 (1H, s). MS (FAB) m/z: 252 
(M++H). Mp: 210–212 °C. Anal. Calcd for C15H13N3O: C, 71.70; H, 5.21; N, 16.72. Found: C, 
71.61; H, 5.18; N, 16.63. 
 
N-(9H-Fluorene-1-carbonyl)guanidine monohydrochloride (3a). 
The title compound was prepared in the same manner as described for 1 using 
9H-fluorene-1-carboxylic acid (2b) instead of 2a in 51% yield. 
1H NMR (DMSO-d6) δ: 4.26 (2H, s), 7.37–7.46 (2H, m), 7.62–7.68 (2H, m), 8.00 (1H, d, J = 6.8 
Hz), 8.03 (1H, d, J = 7.8 Hz), 8.25 (1H, d, J = 7.8 Hz), 8.54 (2H, br s), 8.67 (2H, br s), 11.87 (1H, 
s). MS (ESI) m/z: 252 (M++H). Mp: 261–263 °C Anal. Calcd for C15H11N3O2·HCl: C, 62.61; H, 
4.90; N, 14.60; Cl, 12.32. Found: C, 62.59; H, 4.85; N, 14.60; Cl, 12.36.  
 
N-(9H-Fluorene-4-carbonyl)guanidine monohydrochloride (3b). 
The title compound was prepared in the same manner as described for 1 using 
9H-fluorene-4-carboxylic acid (2c) instead of 2a in 3 % yield. 
1H NMR (DMSO-d6) δ: 4.01 (2H, s), 7.36–7.44(2H, m), 7.47 (1H, t, J = 7.6 Hz), 7.64–7.66 (1H, 
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m), 7.69 (1H, d, J = 7.6 Hz), 7.84 (1H, d, J = 7.2 Hz), 7.87–7.91 (1H, m), 8.57 (2H, br s), 8.74 (2H, 
br s), 12.18 (1H, s). MS (FAB) m/z: 252 (M++H). Anal. Calcd for C15H13N3O·HCl: C, 62.41; H, 
4.90; N, 14.60; Cl, 12.32. Found: C, 62.44; H, 4.79; N, 14.53; Cl, 12.37. 
 
N-(Diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (5a). 
The title compound was prepared in the same manner as described for 1 using 
9-oxo-9H-fluorene-2-carboxylic acid (4a) instead of 2a in 58 % yield. 
1H NMR (DMSO-d6) δ: 7.42 (1H, t, J = 8.3 Hz), 7.62–7.67 (2H, m), 7.80–7.85 (2H, m), 8.28 (1H, 
dd, J = 1.4, 7.8 Hz), 8.31 (1H, s). MS (FAB) m/z: 266 (M++H). Anal. Calcd for 
C15H11N3O2·0.1H2O: C, 67.46; H, 4.23; N, 15.73. Found: C, 67.38; H, 4.17; N, 15.77. 
 
9-Oxo-9H-fluorene-3-carboxylic acid (4b). 
The title compound was prepared according to a literature protocol17) . 
1H NMR (DMSO-d6) δ: 7.42 (1H, t, J = 7.6 Hz), 7.64–7.67 (2H, m), 7.70 (1H, d, J = 7.6 Hz), 7.94 
(1H, dd, J = 2.4, 7.6 Hz), 8.29 (1H, s), 13.43 (1H, br s). MS (FAB) m/z: 225 (M++H). 
 
N-(9-Oxo-9H-fluorene-3-carbonyl) guanidine monohydrochloride (5b). 
The title compound was prepared in the same manner as described for 1 using 4b instead of 2a in 
97 % yield. 
1H NMR (DMSO-d6) δ: 7.47 (1H, t, J = 7.4 Hz), 7.68–7.73 (2H, m), 7.80 (1H, d, J = 7.6 Hz), 7.91 
(1H, d, J = 7.6 Hz), 8.06 (1H, d, J = 7.6 Hz), 8.57 (2H, br s), 8.67 (1H, s), 8.72 (2H, br s), 12.22 
(1H, s). MS (FAB) m/z: 266 (M++H). Anal. Calcd for C15H11N3O2·HCl: C, 59.31; H, 4.65; N, 
13.83; Cl, 11.67. Found: C, 58.95; H, 4.59; N, 13.54; Cl, 11.32. 
 
Methyl 3-(2-formylphenoxy)benzoate (7). 
To a solution of methyl 3-hydroxybenzoate (6, 2 g, 13.1 mmol) and 2-fluorobenzaldehyde (1.38 
mL, 13.1 mmol) in DMF (15 mL) was added K2CO3 (2.72 g, 19.6 mmol) and the mixture was 
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stirred at 70 °C for 18h, and then allowed to cool. The reaction mixture was concentrated in vacuo 
and added EtOAc and water. The aqueous layer was extracted with EtOAc, and the combined 
organic layer was washed with brine, dried over MgSO4. After evaporation in vacuo, the resultant 
residue was purified by silica gel column chromatography (EtOAc-hexane) to give the title 
compound 7 (2.54 g, 76%) as a white solid. 
1H NMR (CDCl3) δ: 3.91 (3H, s), 6.90 (1H, d, J = 8.4 Hz), 7.21–7.30 (2H, m), 7.47 (1H, t, J = 8.0 
Hz), 7.53-7.56 (1H, m), 7.71-7.72 (1H, m), 7.86 (1H, dt, J = 1.2, 8.0 Hz), 7.96 (1H, dd, J = 1.2, 8.4 
Hz). MS (ESI) m/z: 257 (M++H). 
 
Methyl 3-(2-tifluoromethanesulofonate)benzoate (8). 
To a solution of 7 (2.54 g, 9.9 mmol) in chloloform (40 mL) was add m-chloroperoxybenzoic acid 
(4.28 g, 24.7 mmol) and the mixture was stirred at 30 °C for 3 h, then cooled down to room 
temperature. The reaction mixture was quenched by addition of dilute aqueous sodium hydrogen 
sulfate solution. The organic layer was washed with saturated NaHCO3 aq and water, dried over 
Na2SO4 and evaporated in vacuo to give the corresponding formate as a pale yellow oil, which was 
used for the next step without further purification. To a solution of the formate obtained above in 
MeOH (50 mL) was added 2 drops conc. HCl aq, and the solution was stirred at room temperature 
for 1.5 h. After addition of sodium carbonate (1 g), the solution was filtered and evaporated in 
vacuo, the resultant residue was purified by silica gel column chromatography (MeOH-CHCl3) to 
give the phenol (2.25 g, 93%) as a white solid. To a cold (0 °C) solution of the phenol obtained 
above (2.18 g, 8.92 mmol) and pyridine (3.60 mL, 44.6 mmol) in CH2Cl2 (25 mL) was added triflic 
anhydride (2.0 mL, 11.5 mmol), then the mixture was warmed up to room temperature and stirred 
for 30 min. After addition of water (100 mL), the aqueous layer was extracted with CHCl3. The 
organic layer was washed with 1 M HCl aq, saturated NaHCO3 aq and brine, dried over MgSO4. 
After evaporation in vacuo, the resultant residue was purified by silica gel column chromatography 
(CHCl3) to give the title compound 8 (3.35 g, quantitative) as a colorless oil. 
1H NMR (CDCl3) δ: 3.90 (3H, s), 6.98 (1H, dd, J = 1.2, 8.0 Hz), 7.17 (1H, dt, J = 1.6, 8.0 Hz),  
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7.26–7.33 (2H, m), 7.36 (1H, dd, J = 1.2, 8.0 Hz), 7.45 (1H, t, J = 8.0 Hz), 7.70-7.72 (1H, m), 7.86 
(1H, dt, J = 1.2, 8.0 Hz). MS (ESI) m/z: 377 (M++H). 
 
Dibenzo[b,d]furan-3-carboxylic acid (9). 
A solution of 8 (1.01 g, 2.7 mmol), Pd(PPh3)2Cl2 (192 mg, 0.27 mmol), LiCl (347 mg, 8.2 mmol), 
and DBU (0.5 mL, 3.3 mmol) in DMF (30 mL) was stirred at 145 °C for 22.5 h. After cooling, 
Et2O and water were added and the aqueous layer was extracted with Et2O. The aqueous layer was 
acidified (pH 2.0) with 1 M HCl aq and the resulting solid was filtered. The combined organic layer 
was washed with brine, dry over MgSO4 and evaporated in vacuo and the resulting residue was 
added water and acidified (pH2.0) with 1 M HCl aq and the resulting solid was filtered. These two 
solids were combined and purified by silica gel column chromatography (CHCl3-MeOH) and 
recrystalization from EtOH to give the title compound 9 (102 mg, 17.8%) as a white solid. 
1H NMR (DMSO-d6) δ: 7.46 (1H, t, J = 7.6 Hz), 7.61 (1H, td, J = 0.8, 7.6 Hz), 7.77 (1H, d, J = 8.0 
Hz), 8.01 (1H, dd, J = 0.8, 8.0 Hz), 8.20 (1H, s), 8.24 (1H, d, J = 8.4 Hz), 8.27 (1H, d, J = 8.4 Hz), 
13.15 (1H, br s). MS (FAB) m/z: 211 (M+-H). 
 
N-(Diaminomethylene)dibenzo[b,d]furan-3-carboxamide monohydrochloride (10). 
To a solution of dibenzo[b,d]furan-3-carboxylic acid (9, 100 mg, 0.47 mmol) in DMF (3 mL) was 
added CDI (115 mg, 0.70 mmol) and the mixture was stirred at room temperature for 1 h. To the 
mixture was added guanidine carbonate (203 mg, 1.12 mmol) and the mixture was stirried at room 
temperature for 2 h. The reaction mixture was concentrated in vacuo. To the resultant residue was 
added water and stirred at room temperature for 30 min. The precipitate was collected by filtration, 
washed with water, dried in vacuo at 50 °C to give 
N-(diaminomethylene)dibenzo[b,d]furan-3-carboxamide (102 mg) as a white solid. The compound 
was converted to its monohydrochloride salt by treating it with 4 M HCl-EtOAc (0.2 mL, 0.8 
mmol) in EtOH (3.5 mL). The crude salt was suspended with EtOH and filtered to give the title 
compound 10 (102 mg, 75%) as a white solid. 
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1H NMR (DMSO-d6) δ: 7.50 (1H, t, J = 7.8 Hz), 7.66 (1H, t, J = 7.8 Hz), 7.81 (1H, d, J = 8.3 Hz), 
8.21 (1H, d, J = 7.8 Hz), 8.29 (1H, d, J = 7.3 Hz), 8.37 (1H, d, J = 7.8 Hz), 8.59 (1H, s), 8.62 (2H, 
br s), 8.85 (2H, br s), 12.27 (1H, s). MS (FAB) m/z: 254 (M++H). Mp: 299–300 °C. Anal. Calcd for 
C14H11N3O2·0.95HCl·0.3H2O: C, 57.33; H, 4.31; N, 14.33; Cl, 11.48. Found: C, 57.14; H, 4.15; N, 
14.23; Cl, 11.68. 
 
Methyl 9H-carbazole-2-carboxylate (11). 
The title compound was prepared according to a literature protocol21) . 
1H NMR (DMSO-d6) δ: 3.30 (3H, s), 7.21 (1H, td, J = 1.2, 8.0 Hz), 7.47 (1H, td, J = 8.0, 1.2 Hz), 
7.56 (1H, d, J = 8.0 Hz), 7.78 (1H, dd, J = 1.2, 8.0 Hz), 8.11 (1H, s), 8.20 (1H, d, J = 8.0 Hz), 8.23 
(1H, d, J = 8.0 Hz), 11.53 (1H, s). MS (FAB) m/z: 226 (M++H). 
 
N-(Diaminomethylene)-9H-carbazole-2-carboxamide monohydrochloride (12). 
To a cold (0 °C) solution of guanidine hydrochloride (573 mg, 6 mmol) in DMF (6.5 mL) was 
added potionwise NaH (60% dispersion in mineral oil; 192 mg, 4.8 mmol) and the mixture was 
stirred at room temperature for 1 h. To the mixture was added dropwise a solution of 11 (271 mg, 
1.2 mmol) in DMF (6.5 mL) and the mixture was stirred at 70 °C for two days. After cooling, the 
reaction mixture was concentrated in vacuo. To the resultant residue was added water and stirred at 
room temperature for 3 h. The precipitate was collected by filtration, washed with water, dried in 
vacuo at 50 °C. The resultant residue was purified by silica gel column chromatography 
(CHCl3-MeOH) to give N-(diaminomethylene)-9H-carbazole-2-carboxamide (236 mg) as a pale 
yellow solid. The compound was converted to its monohydrochloride salt by treating it with 4 M 
HCl-EtOAc (0.45 mL, 1.8 mmol) in EtOH (9.0 mL). The crude salt was suspended with EtOH and 
filtered to give the title compound 12 (266 mg, 77%) as a pale yellow solid. 
1H NMR (DMSO-d6) δ: 7.24 (1H, td, J = 1.0, 7.3 Hz), 7.51 (1H, td, J = 1.0, 7.3 Hz), 7.58 (1H, d, J 
= 8.3 Hz), 7.97 (1H, dd, J = 1.5, 8.3 Hz), 8.24 (1H, d, J = 7.3 Hz), 8.32 (1H, d, J = 6.4 Hz), 8.33 
(1H, s), 8.56 (2H, br s), 8.83 (2H, br s), 11.80 (1H, s), 12.04 (1H, s). MS (FAB) m/z: 253 (M++H). 
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Mp: >250 °C decompose. Anal. Calcd for C14H12N4O·HCl·0.3C2H6O·0.1H2O: C, 57.62; H, 4.97; N, 
18.41; Cl, 11.65. Found; C, 57.67; H, 4.97; N, 18.21; Cl, 11.81. 
 
4-(2-Aminophenoxy)-3-fluorobenzonitrile (14). 
To a cold (0 °C) solution of 2-aminophenol (13, 3.0 g, 27.4 mmol) in DMF (30 mL) was added 
potionwise NaH (55% dispersion in mineral oil; 1.26 g, 28.7 mmol) and the mixture was stirred at 
0 °C for 30 min. To this cold mixture was added 3,4-difluorobenzonitrile (4.02 g, 28.7 mmol) and 
the mixture was stirred at 0 °C for three days. Reaction was quenched by addition of water, and the 
aqueous layer was extracted with EtOAc. The organic layer was washed with water and brine, dried 
over Na2SO4. After evaporation in vacuo, the resultant residue was purified by silica gel column 
chromatography (EtOAc-hexane) to give the title compound 14 (4.88 g, 78%) as an orange oil. 
1H NMR (DMSO-d6) δ: 5.12 (2H, s), 6.58 (1H, td, J = 1.5, 7.4 Hz), 6.75 (1H, t, J = 7.3 Hz), 6.85 
(1H, dd, J = 1.4, 8.3 Hz), 6.90 (1H, dd, J = 1.0, 7.8 Hz), 7.01 (1H, td, J = 1.4, 7.9 Hz), 7.58 (1H, dt, 
J = 1.4, 8.3 Hz), 7.99 (1H, dd, J = 2.0, 11.3 Hz). MS (FAB) m/z: 227 (M+-H). 
 
10H-Phenoxazine-2-carbonitrile (15). 
A solution of 14 (4.88 g, 21.3 mmol) in DMF (25 mL) was stirred at 145 °C for 4 days. After 
cooling, water was added to the mixture and the aqueous layer was extracted with EtOAc. The 
organic layer was washed with water, dried over Na2SO4. After evaporation in vacuo, the resultant 
residue was purified by silica gel column chromatography (EtOAc-hexane) to give the title 
compound 15 (494 mg, 11%) as a brown solid. 
1H NMR (DMSO-d6) δ: 6.47 (1H, dd, J = 0.9, 7.8 Hz), 6.58–6.65 (2H, m), 6.68 (1H, d, J = 2.0 Hz), 
6.72 (1H, d, J = 8.3 Hz), 6.77 (1H, td, J = 1.9, 7.8 Hz), 7.02 (1H, dd, J = 1.9, 8.3 Hz), 8.55 (1H, s). 
MS (FAB) m/z: 207 (M+-H). 
 
10H-Phenoxazine-2-carboxylic acid (16). 
A solution of 15 (287 mg, 1.37 mmol) and conc. HCl (14 mL) in AcOH (14 mL) was stirred at 
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120 °C for 18 r, then allowed to cool. The reaction mixture was concentrated in vacuo. To the 
resultant residue was added water and stirred at room temperature for 30 min. The precipitate was 
collected by filtration, washed with water, dried in vacuo at 50 °C to give the title compound 16 
(297 mg, 95%) as a gray solid. 
1H NMR (DMSO-d6) δ: 6.44 (1H, dd, J = 1.4, 7.8 Hz), 6.56–6.66 (3H, m), 6.75 (1H, td, J = 1.4, 7.3 
Hz), 7.03 (1H, d, J = 2.0 Hz), 7.17 (1H, dd, J = 1.9, 8.3 Hz), 8.36 (1H, s), 12.63 (1H, br s). MS 
(FAB) m/z: 226 (M+-H). 
 
N-(Diaminomethylene)-10H-phenoxazine-2-carboxamide monohydrochloride (17). 
The title compound was prepared in the same manner as described for 1 using 16 instead of 2a in 
53 % yield. 
1H NMR (DMSO-d6) δ: 6.49 (1H, dd, J = 1.5, 7.9 Hz), 6.58–6.66 (2H, m), 6.73–6.79 (2H, m), 7.04 
(1H, d, J = 2.4 Hz), 7.48 (1H, dd, J = 2.4, 8.3 Hz), 8.45 (2H, br s), 8.59 (1H, s), 8.64 (2H, br s), 
11.69 (1H, s). MS (FAB) m/z: 269 (M++H) Mp: 264–269 °C Anal. Calcd for 
C14H12N4O2·HCl·1.2H2O: C, 51.52; H, 4.76; N, 17.17; Cl, 10.86. Found: C, 51.42, H, 4.84; N, 
17.10; Cl, 10.95. 
 
3-Chloro-4-[(2-hydroxyphenyl)amino]benzonitrile (18). 
4-(2-Aminophenoxy)-3-chlorobenzonitrile was prepared in the same manner as described for 14 
using 3-chloro-4-fluorobenzonitrile instead of 3,4-difluorobenzonitrile in 75% yield as a pale 
orange solid. To a hot (100 °C) solution of 4-(2-aminophenoxy)-3-chlorobenzonitrile (5.0 g, 20.5 
mmol) in DMF (25 mL) was added potionwise NaH (55% dispersion in mineral oil; 938 mg, 21.5 
mmol) and the mixture was stirred at 100 °C for 2 h. After cooling, water was added to the mixture 
and the aqueous layer was extracted with EtOAc. The organic layer was washed with water and 
brine, dried over Na2SO4. After evaporation in vacuo, the resultant residue was purified by silica 
gel column chromatography (EtOAc-hexane) to give the title compound 18 (3.52 g, 70%) as a 
beige solid. 
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1H NMR (DMSO-d6) δ: 6.58 (1H, d, J = 8.8 Hz), 6.85 (1H, td, J = 1.0, 7.3 Hz), 6.96 (1H, dd, J = 
1.5, 7.8 Hz), 7.10 (1H, td, J = 1.5, 7.3 Hz), 7.18 (1H, dd, J = 2.0, 7.8 Hz), 7.48 (1H, dd, J = 2.0, 8.8 
Hz), 7.74 (1H, s), 7.85 (1H, d, J = 2.0 Hz), 9.72 (1H, br s). MS (FAB) m/z: 243 (M+-H). 
 
10H-Phenoxazine-3-carbonitrile (19). 
A solution of 18 (3.0 g, 12.3 mmol), K2CO3 (5.1 g, 36.9 mmol) in DMF (50 mL) was stirred at 
150 °C for 4 h. After cooling, water was added and the precipitate was collected by filtration, 
washed with water, dried in vacuo at 50 °C. The resultant residue was purified by silica gel column 
chromatography (EtOAc-hexane) to give the title compound 19 (1.49 g, 58%) as a yellow solid. 
1H NMR (DMSO-d6) δ: 6.48 (1H, d, J = 8.3 Hz), 6.60–6.66 (2H, m), 6.73–6.78 (1H, m), 6.97 (1H, 
d, J = 2.0 Hz), 7.16 (1H, dd, J = 1.9, 8.3 Hz), 8.90 (1H, s). MS (FAB) m/z: 207 (M+-H). 
 
10H-Phenoxazine-3-carboxylic acid (20). 
The title compound was prepared in the same manner as described for 16 using 19 instead of 15 in 
14 % yield. 
1H NMR (DMSO-d6) δ: 6.45–6.49 (2H, m), 6.60–6.64 (2H, m), 6.72–6.76 (1H, m), 7.02 (1H, d, J = 
1.9 Hz), 7.34 (1H, dd, J = 1.5, 8.3 Hz), 8.73 (1H, s), 12.43 (1H, s). MS (FAB) m/z: 226 (M+-H). 
 
N-(Diaminomethylene)-10H-phenoxazine-3-carboxamide monohydrochloride (21). 
The title compound was prepared in the same manner as described for 1 using 20 instead of 2a in 
77 % yield. 
1H NMR (DMSO-d6) δ: 6.51–6.54 (2H, m), 6.64–6.69 (2H, m), 6.75–6.79 (1H, m), 7.29 (1H, d, J = 
1.9 Hz), 7.59 (1H, dd, J = 2.0, 8.3 Hz), 8.35 (2H, br s), 8.57 (2H, br s), 9.06 (1H, s), 11.43 (1H, s). 
MS (FAB) m/z: 269 (M++H) Mp: 286–293 °C Anal. Calcd for C14H12N4O2·HCl·0.4H2O: C, 53.90; 
H, 4.46; N, 17.96; Cl, 11.37. Found: C, 53.92; H, 4.48; N, 17.86; Cl, 11.44. 
 
9-Oxo-9H-fluorene-2-carbaldehyde (23). 
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To a cold (0 °C) solution of ethyl 9-oxo-9H-fluorene-2-carboxylate (22, 1.50 g, 5.95 mmol) in 
THF (15 mL) was added potionwise LiAlH4 (451 mg, 11.9 mmol), and the mixture was warmed up 
to room temperature and stirred for 30 min at that temperature. Reaction was quenched with 
Na2SO4·10H2O, NaCl and brine. The mixture was filtered and the residue was washed with THF. 
After evaporated in vacuo to give 2-(hydroxymethyl)-9H-fluoren-9-ol as a yellow solid, which was 
used for the next step without further purification. A solution of the alcohol compound obtained 
above, MnO2 (12.8 g, 147 mmol) in CHCl3 (130 mL) was stirred at room temperature overnight. 
Celite® was added to the reaction mixture, then filtered and washed with CHCl3. The filtrate was 
evaporated in vacuo and the resulting residue was purified by silica gel column chromatography 
(CHCl3-hexane) to give the title compound 23 (871 mg, 70% in 2 steps) as a yellow solid. 
1H NMR (DMSO-d6) δ: 7.50 (1H, t, J = 7.6 Hz), 7.68–7.72 (2H, m), 7.96 (1H, d, J = 7.6 Hz), 8.06 
(2H, s), 8.18 (1H, dd, J = 1.4, 7.6 Hz), 10.04 (1H, s). MS (EI) m/z: 208 (M++H). 
 
(2E)-3-(9-Oxo-9H-fluoren-2-yl)acrylic acid (24). 
A solution of 23 (871 mg, 4.18 mmol), methyl (triphenylphosphoranylidene)acetate (1.40 g, 4.18 
mmol) in toluene (15 mL) was stirred at 90 °C for 5 h, then allowed to cool. The reaction mixture 
was concentrated in vacuo, the resultant residue was purified by silica gel column chromatography 
(CHCl3-EtOAc-hexane) to give methyl (2E)-3-(9-oxo-9H-fluoren-2-yl)acrylate (931 mg, 84%) as a 
yellow solid. To a mixture of the ester compound obtained above in MeOH (5 mL) and THF (5 mL) 
was added 1 M NaOH aq (1.7 mL) and the mixture was stirred at room temperature overnight. The 
reaction mixture was acidified (pH 1.0) with 1 M HCl aq. The precipitate was collected by filtration, 
washed with water, dried in vacuo to give the title compound 24 (357 mg, 94%) as a yellow solid. 
1H NMR (DMSO-d6) δ: 6.65 (1H, d, J = 16.1 Hz), 7.42 (1H, t, J = 7.3 Hz), 7.63–7.67 (3H, m), 7.86 
(1H, d, J = 7.8 Hz), 7.93–7.96 (2H, m), 12.46 (1H, br s). MS (FAB) m/z: 250 (M+-H). 
 
(2E)-N-(Diaminomethylene)-3-(9-oxo-9H-fluoren-2-yl)acrylamide (25). 
The title compound was prepared in the same manner as described for 1 using 24 instead of 2a in 
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78 % yield. 
1H NMR (DMSO-d6) δ: 6.60 (2H, d, J = 15.6 Hz), 7.39 (1H, t, J = 7.3 Hz), 7.45 (1H, s), 7.49 (1H, 
s), 7.61–7.65 (3H, m), 7.76 (1H, s), 7.82–7.84 (4H, m). MS (FAB) m/z: 292 (M++H). Mp: 217–
220 °C Anal. Calcd for C17H13N3O2·H2O: C, 66.01; H, 4.89; N, 13.58. Found: C, 66.20; H, 4.92; N, 
13.52. 
 
N-(9-Hydroxy-9H-fluorene-2-carbonyl)guanidine monohydrochloride (26a). 
To a solution of 5a (400 mg, 1.51 mmol) in MeOH (10mL) was added NaBH4 (110 mg, 3.02 
mmol) and the mixture was stirred at room temperature for 1 h. Reaction was quenched by addition 
of water, and the solution was evaporated in vacuo. To the resultant residue was added CHCl3 and 1 
M NaOH aq and the precipitate was collected by filtration to give 
N-(9-hydroxy-9H-fluorene-2-carbonyl)guanidine. The compound was converted to its 
monohydrochloride salt by treating it with 4 M HCl-EtOAc (0.2 mL, 0.8 mmol) in EtOH (30 mL). 
The crude salt was suspended with EtOH and filtered to give the title compound 26a (380 mg, 
83%) as a colorless solid. 
1H NMR (DMSO-d6) δ: 5.59 (1H, s), 6.07 (1H, br s), 7.40–7.49 (2H, m), 7.66 (1H, dd, J = 1.5, 8.3 
Hz), 7.93–7.95 (1H, m), 8.01 (1H, d, J = 8.8 Hz), 8.23–8.28 (2H, m), 8.55 (2H, br s), 8.70 (2H, br 
s), 11.87 (1H, s). 13C NMR (DMSO-d6) δ: 73.2, 120.0, 121.1, 124.9, 125.2, 128.6, 129.3, 129.9, 
137.8, 144.7, 147.2, 148.0, 155.8, 167.5. IR (neat) cm-1: 3153, 1681, 1259, 1099, 1025, 774, 734. 
MS (FAB) m/z: 268 (M++H) Mp: 236–238 °C Anal. Calcd for C15H13N3O2·HCl·H2O: C, 55.99; H, 
5.01; N, 13.06; Cl, 11.02. Found: C, 55.65; H, 4.87; N, 12.99; Cl, 11.30.  
 
N-(9-Hydroxy-9H-fluorene-3-carbonyl)guanidine monohydrochloride (26b). 
The title compound was prepared in the same manner as described for 26a using 5b instead of 5a 
in 78% yield. 
1H NMR (DMSO-d6) δ: 5.59 (1H, s), 6.06 (1H, br s), 7.39 (1H, t, J = 7.4 Hz), 7.45 (1H, t, J = 7.6 
Hz), 7.63 (1H, d, J = 8.0 Hz), 7.78 (1H, d, J = 8.0 Hz), 7.90 (1H, d, J = 7.2 Hz), 8.07 (1H, dd, J = 
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1.2, 8.0 Hz), 8.55 (2H, br s), 8.74 (1H, s), 8.82 (2H, br s), 12.14 (1H, s). MS (FAB) m/z: 268 
(M++H). Anal. Calcd for C15H13N3O2·HCl: C, 59.31, H, 4.65; N, 13.83; Cl, 11.67. Found: C, 59.15; 
H, 4.69; N, 13.66; Cl, 11.62. 
 
(2E)-N-(Diaminomethylene)-3-(9-hydroxy-9H-fluoren-2-yl)acrylamide monohydrochloride 
(26c). 
The title compound was prepared in the same manner as described for 26a using 25 instead of 5a 
in 82% yield. 
1H NMR (DMSO-d6) δ: 5.55 (1H, d, J = 5.9 Hz), 5.99 (1H, d, J = 7.3 Hz), 6.79 (1H, d, J = 15.6 Hz), 
7.35–7.44 (2H, m), 7.62 (1H, d, J = 7.4 Hz), 7.72 (1H, d, J = 8.7 Hz), 7.85 (1H, d, J = 6.8 Hz), 
7.88–7.95 (3H, m), 8.41 (4H, br s), 12.21 (1H, s). MS (FAB) m/z: 294 (M++H). Mp: 280–283 °C 
Anal. Calcd for C17H15N3O2·HCl·0.1H2O: C, 61.58; H, 4.92; N, 12.67; Cl, 10.69. Found: C, 61.40; 
H, 5.00; N, 12.41; Cl, 10.40. 
 
Chapter 2 
 
3’-Chloro-4’-(ethoxycarbonyl)biphenyl-2-carboxylic acid (29). 
To a solution of 4-bromo-2-chlorobenzoic acid (27, 1.797 g, 7.63 mmol) in EtOH (50 mL) was 
added H2SO4 (1 mL) and the mixture was stirred at 90 °C for 14 h. After cooling, the reaction 
mixture was concentrated in vacuo. To the resultant residue was added CHCl3 and saturated 
NaHCO3 aq The aqueous layer was extracted with CHCl3, and the combined organic layer was 
washed with water and brine, dried over MgSO4, and evaporated in vacuo to give ethyl 
4-bromo-2-chlorobenzoate (2.011 g). A solution of the ethyl 4-bromo-2-chlorobenzoate obtained 
above (1.987 g, 7.54 mmol), (2-formylphenyl)boronic acid (28, 1.354 g, 9.03 mmol), Na2CO3 (1.61 
g, 15.1 mmol), and Pd(PPh3)4 (419 mg, 0.36 mmol) in toluene (45 mL), EtOH (15 mL) and H2O 
(15 mL) was stirred at 120 °C for 16 h, then allowed to cool. The mixture was filtered through 
celite® and the residue was washed with EtOAc. The organic layer was washed with saturated 
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NaHCO3 aq and brine, dried over MgSO4. After evaporation in vacuo, the resultant residue was 
purified by silica gel column chromatography (EtOAc-hexane) to give the corresponding ethyl 
2-chloro-4-(2-formylphenyl)benzoate (1.401 g). A solution of the ethyl 
2-chloro-4-(2-formylphenyl)benzoate (1.384 g, 4.79 mmol) obtained above in t-BuOH (18 mL), 
MeCN (3 mL) and H2O (6 mL) was added NaClO2 (80%) (2.177 g, 19.2 mmol), NaH2PO4·H2O 
(749 mg, 4.80 mmol) and 2-methyl-2-butene (1.679 g, 24.0 mmol) and stirred at room temperature 
for 2 h. The reaction mixture was quenched by addition of KHSO3 (2.11 g) and H2O (6 mL), and 
stirred at 0 °C for 30 min. To the reaction mixture was added Et2O and the aqueous layer was 
extracted with Et2O. The combined organic layer was added hexane and saturated NaHCO3 aq The 
aqueous layer was acidified (pH 2.0) with conc. HCl aq and extracted with Et2O and the organic 
layer was washed with brine, dried over MgSO4, and evaporated in vacuo to give the title 
compound 29 (1.364 g, 63 % in 3 steps) as a white solid. 
1H NMR (CDCl3) δ: 1.42 (3H, t, J = 7.1 Hz), 4.42 (2H, q, J = 7.1 Hz), 7.26 (1H, dd, J = 1.6, 8.1 
Hz), 7.31 (1H, dd, J = 1.3, 7.7 Hz), 7.42 (1H, d, J = 1.8 Hz), 7.48 (1H, td, J = 1.3, 7.7 Hz), 7.59 
(1H, td, J = 1.5, 7.5 Hz), 7.85 (1H, d, J = 8.1 Hz), 8.03 (1H, dd, J = 1.3, 7.7 Hz). MS (FAB) m/z: 
305 (M++H). 
 
Ethyl 1-chloro-9-oxo-9H-fluorene-2-carboxylate (30a) and  
Ethyl 3-chloro-9-oxo-9H-fluorene-2-carboxylate (30b). 
To a pre-heated (140 °C) polyphosphoric acid (PPA) (36.5 g) was added portionwise 29 (2.06 g, 
6.76 mmol) and the mixture was stirred at 140 °C for 1 r. The reaction mixture was poured on ice, 
then the precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C to give 
mixuture of 1-chloro-9-oxo-9H-fluorene-2-carboxylic acid and 
3-chloro-9-oxo-9H-fluorene-2-carboxylic acid as a yellow solid, which was used for the next step 
without further purification. To a solution of the carboxylic acids obtained above in EtOH (200 mL) 
was added H2SO4 (2 mL) and the mixture was stirred at 90 °C for 2 days, and then allowed to cool. 
To the reaction mixture was added water at 0 °C and concentrated in vacuo. The precipitate was 
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collected by filtration, washed with water, dried in vacuo at 50 °C. The resultant residue was 
purified by silica gel column chromatography (THF-hexane) to give the title compound 30a (898 
mg, 46%) as a yellow solid and 30b (971 mg, 50%) as a yellow solid 
Compound 30a: 1H NMR (CDCl3) δ: 1.42 (3H, t, J = 7.1 Hz), 4.42 (2H, q, J = 7.1 Hz), 7.40 (1H, td, 
J = 1.5, 7.1 Hz), 7.49 (1H, d, J = 7.7 Hz), 7.55 (1H, td, J = 1.1, 7.5 Hz), 7.58–7.61 (1H, m), 7.73 
(1H, d, J = 7.3 Hz), 7.92 (1H, d, J = 7.7 Hz). MS (FAB) m/z: 287 (M++H). 
Compound 30b: 1H NMR (CDCl3) δ: 1.42 (3H, t, J = 7.1 Hz), 4.41 (2H, q, J = 7.1 Hz), 7.38–7.45 
(1H, m), 7.56–7.58 (2H, m), 7.62 (1H, s), 7.73 (1H, dt, J = 0.9, 7.5 Hz), 8.13 (1H, s). MS (FAB) 
m/z: 287 (M++H). 
 
1-Chloro-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (31a). 
To a solution of 30a (500 mg, 1.74 mmol) in EtOH (10.5 mL) was added 1 M NaOH aq (5.2 mL) 
and the mixture was stirred at 70 °C for 2 h, then allowed to cool. The reaction mixture was 
concentrated in vacuo. To the resultant residue was added 1 M HCl aq to acidify and the appeared 
precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C to give 
1-chloro-9-oxo-9H-fluorene-2-carboxylicacid (429 mg) as a yellow solid. To a solution of the 
carboxylic acid obtained avobe (409 mg, 1.58 mmol) in DMF (20 mL) was added CDI (282 mg, 
1.73 mmol) and the mixture was stirred at 50 °C for 1 h then allowed to cool. This mixture was 
added to a solution which had been prepared by addition of 4.4 M NaOMe/MeOH (1.81 mL, 7.9 
mmol) to DMF (7 mL) solution of guanidine hydrochloride (831 mg, 8.69 mmol) and stirring at 
room temperature for 1 h, and the reaction mixture was stirred at room temperature for 14 h.. The 
reaction mixture was concentrated in vacuo and added MeOH, water and 1M NaOH aq and strirred 
at room temperature for 10 min. The precipitate was collected by filtration, washed with MeOH 
and water, dried in vacuo at 50 °C to give the title compound 31a (371 mg, 74% in 2 steps) as a 
yellow solid. 
1H NMR (DMSO-d6) δ: 7.42 (1H, t, J = 6.8 Hz), 7.62–7.69 (3H, m), 7.75 (1H, d, J = 7.8 Hz), 7.84 
(1H, d, J = 7.3 Hz). MS (FAB) m/z: 300 (M++H). Mp: 234-236 °C. Anal. Calcd for C15H10N3O2Cl: 
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C, 60.11; H, 3.36; N, 14.02; Cl, 11.83. Found C, 60.12; H, 3.48; N, 13.86; Cl, 11.77.  
 
3-Chloro-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (31b). 
The title compound was prepared in the same manner as described for 31a using 30b instead of 
30a in 56% yield in 2 steps. 
1H NMR (DMSO-d6) δ: 7.44 (1H, t, J = 6.8 Hz), 7.63–7.67 (2H, m), 7.78 (1H, s), 7.90 (1H, d, J = 
6.8 Hz), 7.94 (1H, s). MS (FAB) m/z: 300 (M++H). Mp: >300 °C. Anal. Calcd for C15H10N3O2Cl: C, 
60.11; H, 3.36; N, 14.02; Cl, 11.83. Found C, 59.96; H, 3.50; N, 13.97; Cl, 11.66. 
 
1-Chloro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(32a). 
To a solution of 31a (351 mg, 1.17 mmol) in MeOH (20 mL) was added sodium borohydride 
(NaBH4) (87 mg, 2.3 mmol) and the mixture was stirred at room temperature for 30 min. Reaction 
was quenched by addition of water, stirred at room temperature. The precipitate was collected by 
filtration, washed with water, dried in vacuo at 50 °C to give 
1-chloro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide. The compound was 
converted to its monohydrochloride salt by treating it with 4 M HCl-1,4-dioxane (0.44 mL, 1.76 
mmol) in THF (7 mL) and Et2O (7 mL). The crude salt was suspended with Et2O and filtered to 
give the title compound 32a (354 mg, 89%) as a white solid. 
1H NMR (DMSO-d6) δ: 5.67 (1H, s), 5.98 (1H, br s), 7.43–7.49 (2H, m), 7.65 (1H, dd, J = 1.8, 8.3 
Hz), 7.80 (1H, d, J = 7.8 Hz), 7.91–7.94 (2H, m), 8.45 (2H, br s), 8.64 (2H, br s), 12.14 (1H, s). MS 
(FAB) m/z: 302 (M++H). Mp: 275–278 °C. Anal. Calcd for C15H12N3O2Cl·HCl: C, 53.27; H, 3.87; 
N, 12.43; Cl, 20.97. Found C, 53.04; H, 4.09; N, 12.29; Cl, 20.72. 
 
3-Chloro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(32b). 
The title compound was prepared in the same manner as described for 32a using 31b instead of 
93 
31a in 86% yield. 
1H NMR (DMSO-d6) δ: 5.56 (1H, s), 6.15 (1H, br s), 7.42–7.48 (2H, m), 7.65 (1H, dd, J = 2.4, 8.3 
Hz), 7.90 (1H, s), 7.95–7.98 (1H, m), 8.13 (1H, s), 8.40 (2H, br s), 8.68 (2H, br s), 12.11 (1H, s). 
MS (FAB) m/z: 302 (M++H). Mp: 256–258 °C. Anal. Calcd for C15H12N3O2Cl·HCl: C, 53.27; H, 
3.87; N, 12.43; Cl, 20.97. Found C, 53.08; H, 3.97; N, 12.46; Cl, 20.74. 
 
2'-Chlorobiphenyl-2,4-dicarboxylic acid (35a). 
A solution of 4-bromo-isophthalic acid diethyl ester (33, 1.013 g, 3.36 mmol), 
2-chlorophenylboronic acid (34a, 653 mg, 4.17 mmol), Na2CO3 (1.82 g, 17.1 mmol), and 
Pd(PPh3)4 (189 mg, 0.16 mmol) in toluene (24 mL), EtOH (8 mL) and H2O (8 mL) was stirred at 
120 °C for 5 h, then allowed to cool. The mixture was filtered through celite® and the residue was 
washed with EtOAc. The organic layer was washed with saturated NaHCO3 aq and brine, dried 
over MgSO4. After evaporation in vacuo, the resultant residue was purified by silica gel column 
chromatography (EtOAc-hexane) to give the corresponding 
diethyl-2’-chlorobiphenyl-2,4-dicarboxylate (1.064 g) as a colorless oil. A solution of the 
diethyl-biphenyl-2,4-dicarboxylate obtained above and 1 M NaOH aq (13 mL) in EtOH (13 mL) 
was stirred at 70 °C for 20 h, then allowed to cool. The reaction mixture was concentrated in vacuo 
and the resulting residue was acidified (pH 1.0) with 1 M HCl aq and the precipitate was collected 
by filtration, washed with water, dried in vacuo at 50 °C to give the title compound 35a (873 mg, 
94%) as a white solid. 
1H NMR (DMSO-d6) δ: 7.30–7.33 (1H, m), 7.37–7.42 (3H, m), 7.46–7.52 (1H, m), 8.15 (1H, dd, J 
= 2.0, 8.3 Hz), 8.47 (1H, d, J = 1.5 Hz), 13.13 (2H, br s). MS (FAB) m/z: 277 (M++H). 
 
4'-Chlorobiphenyl-2,4-dicarboxylic acid (35b). 
The title compound was prepared in the same manner as described for 35a using 
4-chlorophenylboronic acid 34b instead of 34a in 94% yield. 
1H NMR (DMSO-d6) δ: 7.37–7.40 (2H, m), 7.48–7.53 (3H, m), 8.10 (1H, dd, J = 2.0, 7.8 Hz), 8.31 
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(1H, d, J = 2.0 Hz), 13.20 (2H, br s). MS (FAB) m/z: 277 (M++H). 
 
2'-Methylbiphenyl-2,4-dicarboxylic acid (35c). 
The title compound was prepared in the same manner as described for 35a using 
2-methylphenylboronic acid 34c instead of 34a in 81% yield. 
1H NMR (DMSO-d6) δ: 2.02 (3H, s), 7.04 (1H, d, J = 7.3 Hz), 7.18–7.26 (3H, m), 7.35 (1H, d, J = 
7.8 Hz), 8.10 (1H, dd, J = 1.9, 7.8 Hz), 8.39 (1H, d, J = 1.4 Hz), 13.03 (2H, br s). MS (FAB) m/z: 
257 (M++H). 
 
2'-Fluorobiphenyl-2,4-dicarboxylic acid (35d). 
The title compound was prepared in the same manner as described for 35a using 
2-methylphenylboronic acid 34d instead of 34a in 83% yield. 
1H NMR (DMSO-d6) δ: 7.21–7.27 (2H, m), 7.29 (1H, d, J = 7.3 Hz), 7.38–7.46 (2H, m), 7.52 (1H, 
d, J = 7.8 Hz), 8.15 (1H, dd, J = 1.1, 7.8 Hz), 8.41 (1H, d, J = 0.9 Hz), 13.16 (1H, br s). MS (FAB) 
m/z: 261 (M++H). 
 
2'-Ethylbiphenyl-2,4-dicarboxylic acid (35e). 
The title compound was prepared in the same manner as described for 35a using 
2-ethylphenylboronic acid 34e instead of 34a in 68% yield. 
1H NMR (DMSO-d6) δ: 0.96 (3H, t, J = 7.2 Hz), 2.28–2.41 (2H, m), 7.02 (1H, d, J = 7.2 Hz), 7.17–
7.21 (1H, m), 7.27–7.32 (2H, m), 7.36 (1H, d, J = 8.0 Hz), 8.09 (1H, d, J = 7.2 Hz), 8.39 (1H, s). 
MS (FAB) m/z: 269 (M+-H). 
 
5-Chloro-9-oxo-9H-fluorene-2-carboxylic acid (36a). 
To a pre-heated (140 °C) polyphosphoric acid (PPA) (16.5 g) was added portionwise 35a (833 mg, 
3.01 mmol) and the mixture was stirred at 140 °C for 1 r. The reaction mixture was poured on ice, 
then the precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C to give 
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the title compound 36a (652 mg, 83%) as a yellow solid. 
1H NMR (DMSO-d6) δ: 7.48 (1H, t, J = 7.8 Hz), 7.66 (1H, dd, J = 1.0, 7.3 Hz), 7.71 (1H, dd, J = 
1.0, 7.8 Hz), 8.06 (1H, s), 8.21–8.26 (2H, m), 13.27 (1H, br s). MS (FAB) m/z: 258 (M+-H). 
 
7-Chloro-9-oxo-9H-fluorene-2-carboxylic acid (36b). 
The title compound was prepared in the same manner as described for 36a using 35b instead of 
35a in 76% yield. 
1H NMR (DMSO-d6) δ: 7.65 (1H, d, J = 1.9 Hz), 7.73 (1H, dd, J = 1.9, 7.8 Hz), 7.94 (2H, t, J = 7.8 
Hz), 8.02 (1H, d, J = 1.5 Hz), 8.19 (1H, dd, J = 1.4, 7.8 Hz), 13.30 (1H, br s). MS (FAB) m/z: 258 
(M+-H). 
 
5-Methyl-9-oxo-9H-fluorene-2-carboxylic acid (36c). 
The title compound was prepared in the same manner as described for 36a using 35c instead of 
35a in 92% yield. 
1H NMR (DMSO-d6) δ: 2.59 (3H, s), 7.34 (1H, t, J = 7.4 Hz), 7.45 (1H, d, J = 7.3 Hz), 7.50 (1H, d, 
J = 7.4 Hz), 7.85 (1H, d, J = 7.8 Hz), 8.00 (1H, d, J = 1.0 Hz), 8.16 (1H, dd, J = 1.4, 7.8 Hz), 12.39 
(1H, br s). MS (FAB) m/z: 238 (M+-H). 
 
5-Fluoro-9-oxo-9H-fluorene-2-carboxylic acid (36d). 
The title compound was prepared in the same manner as described for 36a using 35d instead of 
35a in 95% yield. 
1H NMR (DMSO-d6) δ: 7.45–7.57 (3H, m), 7.79 (1H, d, J = 7.8 Hz), 8.04 (1H, d, J = 1.5 Hz), 8.21 
(1H, dd, J = 1.4, 7.3 Hz), 13.23 (1H, br s). MS (FAB) m/z: 242 (M+-H). 
 
5-Ethyl-9-oxo-9H-fluorene-2-carboxylic acid (36e). 
The title compound was prepared in the same manner as described for 36a using 35e instead of 
35a in 54% yield. 
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1H NMR (DMSO-d6) δ: 1.28 (3H, t, J = 7.6 Hz), 3.00 (2H, q, J = 7.6 Hz), 7.40 (1H, t, J = 7.6 Hz), 
7.51 (1H, d, J = 7.6 Hz), 7.55 (1H, dd, J = 0.8, 7.6 Hz), 7.89 (1H, d, J = 8.0 Hz), 8.04 (1H, s), 8.20 
(1H, dd, J = 1.6, 8.0 Hz). MS (FAB) m/z: 251 (M+-H). 
 
5-Chloro-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (37a). 
To a solution of 36a (616 mg, 2.37 mmol) in DMF (25 mL) was added CDI (430 mg, 2.65 mmol) 
at room temperature, the reaction mixture was stirred at 50 °C for 1 h, then allowed to cool. This 
mixture was added to a solution which had been prepared by addition of 4.4 M NaOMe/MeOH 
(3.50 mL, 6.51 mmol) to DMF (11.2 mL) solution of guanidine hydrochloride (1.24 g, 13.0 mmol) 
and stirring at room temperature for 1 h, and the reaction mixture was stirred at room temperature 
for 14 h. The reaction mixture was concentrated in vacuo and added MeOH, water and 1M NaOH 
aq and strirred at room temperature for 30 min. The precipitate was collected by filtration, washed 
with water, dried in vacuo at 50 °C. The resultant residue was purified by silica gel column 
chromatography (EtOAc-hexane) to give the title compound 37a (277 mg, 39%) as a yellow solid. 
1H NMR (DMSO-d6) δ: 7.44 (1H, t, J = 7.8 Hz), 7.64 (1H, d, J = 7.4 Hz), 7.68 (1H, d, J = 7.3 Hz), 
8.18 (1H, d, J = 7.8 Hz), 8.32–8.34 (1H, m), 8.37 (1H, d, J = 1.0 Hz). MS (FAB) m/z: 300 (M++H). 
 
7-Chloro-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (37b). 
The title compound was prepared in the same manner as described for 37a using 36b instead of 
36a in 72% yield. 
1H NMR (DMSO-d6) δ: 7.64 (1H, d, J = 1.9 Hz), 7.71 (1H, dd, J = 2.0, 7.9 Hz), 7.84–7.89 (2H, m), 
8.30 (1H, d, J = 7.8 Hz), 8.32 (1H, s). MS (FAB) m/z: 300 (M++H). Anal. Calcd for 
C15H10N3O2Cl·CH4O: C, 57.93; H, 4.25; N, 12.67; Cl, 10.69. Found: C, 58.19; H, 4.21; N, 12.45; 
Cl, 10.56. 
 
5-Methyl-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (37c). 
The title compound was prepared in the same manner as described for 37a using 36c instead of 
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36a in 59% yield.  
1H NMR (DMSO-d6) δ: 2.61 (3H, s), 7.31 (1H, t, J = 7.4 Hz), 7.44 (1H, d, J = 7.3 Hz), 7.79 (1H, d, 
J = 7.8 Hz), 8.28 (1H, dd, J = 1.5, 7.8 Hz), 8.32 (1H, d, J = 0.9 Hz). MS (FAB) m/z: 280 (M++H). 
Mp: 241–242 °C. Anal. Calcd for C16H13N3O2·0.1H2O: C, 68.37; H, 4.73; N, 14.95. Found: C, 
68.47; H, 4.99; N, 14.78. 
 
5-Fluoro-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (37d). 
The title compound was prepared in the same manner as described for 37a using 36d instead of 
36a in 89% yield. 
1H NMR (DMSO-d6) δ: 7.45–7.55 (3H, m), 7.73 (1H, d, J = 7.3 Hz), 8.32 (1H, dd, J = 1.5, 7.8 Hz), 
8.36 (1H, s). MS (FAB) m/z: 284 (M++H). Mp: 228–232 °C. Anal. Calcd for C15H10N3O2F·0.7H2O: 
C, 60.89; H, 3.80; N, 14.20; F, 6.42. Found: C, 60.95; H, 3.94; N, 13.95; F, 6.30. 
 
5-Ethyl-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (37e). 
To a solution of 36e (300 mg, 1.19 mmol) in DMF (6 mL) was added CDI (231 mg, 1.42 mmol) at 
room temperature, the reaction mixture was stirred at room temperature for 1 h. This mixture was 
added to a solution which had been prepared by addition of NaH (55% dispersion in mineral oil; 
210 mg, 5.2 mmol) to DMF (10 mL) solution of guanidine hydrochloride (1.18 g, 12.3 mmol) and 
stirring at room temperature for 2 h, and the reaction mixture was stirred at room temperature for 
10 min. The reaction mixture was concentrated in vacuo and added CHCl3 and 1M NaOH aq and 
strirred at room temperature for 30 min. The precipitate was collected by filtration, washed with 
water, dried in vacuo at 50 °C to give the title compound 37e (230 mg, 66%) as a dark yellow solid. 
1H NMR (DMSO-d6) δ: 1.28 (3H, t, J = 7.3 Hz), 2.99 (2H, q, J = 7.3 Hz), 7.36 (1H, t, J = 7.3 Hz), 
7.45–7.52 (2H, m), 7.78 (1H, d, J = 7.8 Hz), 8.28 (1H, dd, J = 1.5, 7.8 Hz), 8.33 (1H, d, J = 1.4 Hz). 
MS (FAB) m/z: 294 (M++H). Mp: 245–246 °C. Anal. Calcd for C17H15N3O2·0.1H2O: C, 69.19; H, 
5.19; N, 14.24. Found: C, 69.15; H, 5.22; N, 14.17. 
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5-Chloro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(38a). 
To a solution of 37a (230 mg, 0.77 mmol) in MeOH (10 mL) was added sodium borohydride 
(NaBH4) (59 mg, 1.55 mmol) and the mixture was stirred at room temperature for 1 h. Reaction 
was quenched by addition of water, and the solution was evaporated in vacuo. To the resultant 
residue was added CHCl3 and 1 M NaOH aq and the precipitate was collected by filtration to give 
5-chloro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide. The compound was 
converted to its monohydrochloride salt by treating it with 4 M HCl-EtOAc (0.25 mL, 1.0 mmol) in 
EtOH (5 mL). The crude salt was suspended with EtOH and filtered to give the title compound 38a 
(199 mg, 77%) as a white solid. 
1H NMR (DMSO-d6) δ: 5.63 (1H, s), 6.23 (1H, br s), 7.44–7.53 (2H, m), 7.65 (1H, d, J = 6.8 Hz), 
8.29–8.31 (2H, m), 8.37 (1H, d, J = 8.3 Hz), 8.58 (2H, br s), 8.70 (2H, br s), 11.98 (1H, s). MS 
(FAB) m/z: 302 (M++H). Anal. Calcd for C15H12N3O2Cl·HCl: C, 53.27; H, 3.87; N, 12.43; Cl, 
20.97. Found: C, 53.21; H, 3.63; N, 12.28; Cl, 20.99. 
 
7-Chloro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(38b). 
The title compound was prepared in the same manner as described for 38a using 37b instead of 
37a in 88% yield. 
1H NMR (DMSO-d6) δ: 5.59 (1H, d, J = 7.3 Hz), 6.13 (1H, d, J = 7.3 Hz), 7.51 (1H, dd, J = 1.8, 8.1 
Hz), 7.65 (1H,s), 7.93 (1H, d, J = 7.8 Hz), 7.96 (1H, d, J = 8.3 Hz), 8.22 (1H, d, J = 8.3 Hz), 8.27 
(1H, s), 8.47 (2H, br s), 11.91 (1H, s). MS (FAB) m/z: 302 (M++H). Anal. Calcd for 
C15H12N3O2Cl·0.65HCl·0.7 H2O: C, 53.30; H, 4.19; N, 12.43; Cl, 17.30. Found: C, 53.56; H, 4.14; 
N, 12.04; Cl, 17.07. 
 
5-Methyl-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(38c). 
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The title compound was prepared in the same manner as described for 38a using 37c instead of 
37a in 91% yield. 
1H NMR (DMSO-d6) δ: 2.67 (3H, s), 5.53 (1H, s), 6.02 (1H, br s), 7.27 (1H, d, J = 7.3 Hz), 7.31 
(1H, t, J = 7.8 Hz), 7.51 (1H, d, J = 7.3 Hz), 7.96 (1H, d, J = 8.3 Hz), 8.27 (1H, s), 8.29 (1H, d, J = 
8.3 Hz), 8.58 (2H, br s), 8.75 (2H, br s), 11.95 (1H, s). MS (FAB) m/z: 282 (M++H). Mp: 267–
271 °C. Anal. Calcd for C16H15N3O2·HCl·0.4H2O·0.05C4H8O: C, 59.22; H, 5.28; N, 12.79; Cl, 
10.79. Found: C, 59.11; H, 5.33; N, 12.50; Cl, 11.05. 
 
5-Fluoro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(38d). 
The title compound was prepared in the same manner as described for 38a using 37d instead of 
37a in 68% yield. 
1H NMR (DMSO-d6) δ: 5.67 (1H, s), 6.24 (1H, br s), 7.30 (1H, dd, J = 8.3, 8.3 Hz), 7.46–7.53 (2H, 
m), 7.90 (1H, d, J = 7.8 Hz), 8.27 (1H, d, J = 8.8 Hz), 8.28 (1H, s), 8.58 (2H, br s), 8.68 (2H, br s), 
11.94 (1H, s). MS (FAB) m/z: 286 (M++H). Mp: 253–258 °C. Anal. Calcd for 
C15H12N3O2F·HCl·0.8H2O: C, 53.60; H, 4.38; N, 12.50; F, 5.65; Cl, 10.55. Found: C, 53.66; H, 
4.21; N, 12.38; F, 5.62; Cl, 10.55. 
 
5-Ethyl-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide (38e). 
The title compound was prepared in the same manner as described for 38a using 37e instead of 
37a in 55% yield. 
1H NMR (DMSO-d6) δ: 1.28 (3H, t, J = 7.3 Hz), 3.03 (2H, q, J = 7.3 Hz), 5.42 (1H, d, J = 7.3 Hz), 
5.77 (1H, d, J = 7.8 Hz), 7.20 (1H, d, J = 7.3 Hz), 7.28 (1H, t, J = 7.8 Hz), 7.45 (1H, d, J = 7.3 Hz), 
7.75 (1H, d, J = 8.3 Hz), 8.11 (1H, dd, J = 1.5, 8.3 Hz), 8.34 (1H, d, J = 1.4 Hz). MS (FAB) m/z: 
296 (M++H). Mp: 209–211 °C. Anal. Calcd for C17H17N3O2·0.7H2O·0.5CH4O: C, 64.88; H, 6.35; N, 
12.97. Found: C, 64.79; H, 6.10; N, 13.14. 
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3'-Chlorobiphenyl-2,4-dicarboxylic acid (35f). 
The title compound was prepared in the same manner as described for 35a using 
3-chlorophenylboronic acid 34f instead of 34a in 98 % yield. 
1H NMR (DMSO-d6) δ: 7.30–7.34 (1H, m), 7.42–7.47 (3H, m), 7.54 (1H, d, J = 7.8 Hz), 8.11 (1H, 
dd, J = 1.9, 7.8 Hz), 8.31 (1H, d, J = 1.5 Hz), 13.23 (2H, br s). MS (FAB) m/z: 277 (M++H). 
 
3'-Methylbiphenyl-2,4-dicarboxylic acid (35g). 
The title compound was prepared in the same manner as described for 35a using 
3-methylphenylboronic acid 34g instead of 35a in 85 % yield. 
1H NMR (DMSO-d6) δ: 2.35 (3H, s), 7.15 (1H, d, J = 7.8 Hz), 7.19 (1H, s), 7.21 (1H, d, J = 9.3 Hz), 
7.31 (1H, t, J = 7.3 Hz), 7.51 (1H, d, J = 7.9 Hz), 8.08 (1H, dd, J = 1.9, 7.8 Hz), 8.23 (1H, d, J = 
2.0 Hz), 13.10 (2H, br s). MS (FAB) m/z: 257 (M++H). 
 
Allyl 6-chloro-9-oxo-9H-fluorene-2-carboxylate (39a) and 
Allyl 8-chloro-9-oxo-9H-fluorene-2-carboxylate (39b). 
To a pre-heated (140 °C) polyphosphoric acid (PPA) (34.3 g) was added portionwise 35f (1.75 g, 
6.35 mmol) and the mixture was stirred at 140 °C for 1 r. The reaction mixture was poured on ice, 
then the precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C to give 
mixuture of 6-chloro-9-oxo-9H-fluorene-2-carboxylic acid and 
8-chloro-9-oxo-9H-fluorene-2-carboxylic acid as a yellow solid, which was used for the next step 
without further purification. To a solution of the carboxylic acids obtained above in DMF (30 mL) 
was added potassium carbonate (1.24 g, 8.98 mmol) and allylbromide (0.68 mL, 7.85 mmol), and 
the mixture was stirred at room temperature for 20 h. To the reaction mixture was added EtOAc and 
water. The aqueous layer was extracted with EtOAc, and the combined organic layer was washed 
with brine, dried over MgSO4. After evaporation in vacuo, the resultant residue was purified by 
silica gel column chromatography (EtOAc-THF-hexane) to give the title compound 39a (242 mg, 
13%) as a yellow solid and 39b (634 mg, 33%) as a yellow solid. 
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Compound 39a: 1H NMR (CDCl3) δ: 4.85 (2H, dt, J = 1.5, 5.8 Hz), 5.32 (1H, dd, J = 1.0, 10.2 Hz), 
5.43 (1H, ddt, J = 1.5, 5.8, 10.2 Hz), 6.01–6.10 (1H, m), 7.35 (1H, dd, J = 1.5, 7.8 Hz), 7.59–7.62 
(2H, m), 7.63 (1H, d, J = 7.9 Hz), 8.27 (1H, dd, J = 1.5, 7.8 Hz), 8.35 (1H, d, J = 1.5 Hz). MS 
(FAB) m/z: 299 (M++H). 
Compound 39b: 1H NMR (CDCl3) δ: 4.85 (2H, dt, J = 1.5, 4.4 Hz), 5.32 (1H, dd, J = 1.5, 10.2 Hz), 
5.43 (1H, ddt, J = 1.5, 4.4, 10.2 Hz), 6.01–6.10 (1H, m), 7.30 (1H, d, J = 7.9 Hz), 7.46 (1H, t, J = 
7.9 Hz), 7.53 (1H, d, J = 7.3 Hz), 7.63 (1H, d, J = 7.8 Hz), 8.25 (1H, dd, J = 1.5, 7.8 Hz), 8.34 (1H, 
s). MS (FAB) m/z: 299 (M++H). 
 
Ethyl 6-methyl-9-oxo-9H-fluorene-2-carboxylate (39c) and 
Ethyl 8-methyl-9-oxo-9H-fluorene-2-carboxylate (39d). 
To a pre-heated (140 °C) polyphosphoric acid (PPA) (45 g) was added portionwise 35g (2.13 g, 
8.31 mmol) and the mixture was stirred at 140 °C for 1 r. The reaction mixture was poured on ice, 
then the precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C to give 
mixuture of 6-methyl-9-oxo-9H-fluorene-2-carboxylic acid and 
8-methyl-9-oxo-9H-fluorene-2-carboxylic acid as a yellow solid, which was used for the next step 
without further purification. To a solution of the carboxylic acids obtained above in EtOH (100 mL) 
was added H2SO4 (5 mL) and the mixture was stirred at 90 °C for 18 h, and then allowed to cool. 
To the reaction mixture was added water at 0 °C and concentrated in vacuo. The precipitate was 
collected by filtration, washed with water, dried in vacuo at 50 °C. The resultant residue was 
purified by silica gel column chromatography (EtOAc-toluene-hexane) to give the title compound 
39c (888 mg, 40%) as a yellow solid and 39d (998 mg, 45%) as a yellow solid. 
Compound 39c: 1H NMR (DMSO-d6) δ: 1.35 (3H, t, J = 6.8 Hz), 2.42 (3H, s), 4.33 (2H, q, J = 6.9 
Hz), 7.26 (1H, d, J = 7.8 Hz), 7.55 (1H, d, J = 7.8 Hz), 7.72 (1H, s), 7.88 (1H, d, J = 7.8 Hz), 7.98 
(1H, s), 8.16 (1H, dd, J = 1.5, 7.8 Hz). MS (FAB) m/z: 267 (M++H). 
Compound 39d: 1H NMR (DMSO-d6) δ: 1.35 (3H, t, J = 7.3 Hz), 2.56 (3H, s), 4.34 (2H, q, J = 7.3 
Hz), 7.25 (1H, d, J = 7.4 Hz), 7.53 (1H, t, J = 7.3 Hz), 7.73 (1H, d, J = 7.3 Hz), 7.92 (1H, d, J = 7.8 
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Hz), 7.99 (1H, s), 8.17 (1H, dd, J = 1.5, 7.8 Hz). MS (FAB) m/z: 267 (M++H). 
 
6-Chloro-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (37f). 
To a cold (0 °C) solution of guanidine hydrochloride (368 mg, 3.9 mmol) in DMF (5.2 mL) was 
added portionwise NaH (60% dispersion in mineral oil; 123 mg, 3.1 mmol) and the mixture was 
stirred at room temperature for 1 h. To the mixture was added dropwise a solution of 39a (231 mg, 
0.77 mmol) in DMF (2 mL) and the mixture was stirred at 100 °C for 1h. After cooling, the 
reaction mixture was concentrated in vacuo. To the resultant residue was added water, 1M NaOH 
aq and stirred at room temperature for 3 h. The precipitate was collected by filtration, washed with 
water, dried in vacuo at 50 °C. The resultant residue was suspended with MeOH and filtered to give 
the title compound 37f (149 mg, 65%) as a yellow solid. 
1H NMR (DMSO-d6) δ: 7.47 (1H, dd, J = 2.0, 7.8 Hz), 7.64 (1H, d, J = 7.3 Hz), 7.90 (1H, d, J = 7.8 
Hz), 8.02 (1H, d, J = 1.5 Hz), 8.30 (1H, dd, J = 1.3, 7.6 Hz), 8.33 (1H, s). MS (FAB) m/z: 300 
(M++H). 
 
8-Chloro-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (37g). 
The title compound was prepared in the same manner as described for 37f using 39b instead of 
39a in 78 % yield. 
1H NMR (DMSO-d6) δ: 7.40 (1H, d, J = 7.8 Hz), 7.63 (1H, t, J = 7.8 Hz), 7.83 (1H, d, J = 7.9 Hz), 
7.87 (1H, d, J = 6.8 Hz), 8.30 (1H, d, J = 7.8 Hz), 8.32 (1H, s). MS (FAB) m/z: 300 (M++H). Anal. 
Calcd for C15H10N3O2Cl: C, 60.11; H, 3.36; N, 14.02; Cl, 11.83. Found: C, 59.81; H, 3.40; N, 
13.75; Cl, 11.53. 
 
8-Methyl-N-(diaminomethylene)-9-oxo-9H-fluorene-2-carboxamide (37h). 
To a solution of guanidine hydrochloride (1.38 g, 14.4 mmol) in DMF (8 mL) was added 4.4 M 
NaOMe/MeOH (2.99 mL, 13.1 mmol) and the mixture was stirred at room temperature for 1 h. To 
the mixture was added dropwise a solution of 39d (350 mg, 1.31 mmol) in DMF (4 mL) and the 
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mixture was stirred at 100 °C for 3 h. After cooling, the reaction mixture was concentrated in vacuo. 
To the resultant residue was added water, 1M NaOH aq and MeOH and stirred at 0 °C for 30 min. 
The precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C. The 
resultant residue was suspended with MeOH and filtered to give the title compound 37h (258 mg, 
70%) as a yellow solid. 
1H NMR (DMSO-d6) δ: 2.56 (3H, s), 7.18 (1H, d, J = 7.8 Hz), 7.48 (1H, t, J = 7.4 Hz), 7.65 (1H, d, 
J = 7.3 Hz), 7.78 (1H, d, J = 8.3 Hz), 8.26 (1H, dd, J = 1.5, 6.4 Hz), 8.27 (1H, s). MS (FAB) m/z: 
280 (M++H). Mp: 244–246 °C. Anal. Calcd for C16H13N3O2: C, 68.81; H, 4.69; N, 15.05. Found: C, 
68.96; H, 4.73; N, 15.07. 
 
6-Chloro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(38f). 
The title compound was prepared in the same manner as described for 38a using 37f instead of 
37a in 87% yield. 
1H NMR (DMSO-d6) δ: 5.59 (1H, s), 6.15 (1H, br s), 7.47 (1H, dd, J = 1.7, 8.1 Hz), 7.66 (1H, d, J 
= 7.8 Hz), 8.08–8.10 (2H, m), 8.24 (1H, s), 8.25 (1H, d, J = 8.8 Hz), 8.55 (2H, br s), 8.69 (2H, br s), 
11.91 (1H, s). MS (FAB) m/z: 302 (M++H). Anal. Calcd for C15H12N3O2Cl·0.95HCl·0.9H2O: C, 
51.10; H, 4.22; N, 11.92; Cl, 19.61. Found: C, 51.15; H, 4.19; N, 11.67; Cl, 19.64. 
 
8-Chloro-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(38g). 
The title compound was prepared in the same manner as described for 38a using 37g instead of 
37a in 89% yield. 
1H NMR (DMSO-d6) δ: 5.70 (1H, s), 6.02 (1H, br s), 7.43 (1H, dd, J = 1.0, 7.9 Hz), 7.49 (1H, t, J = 
7.8 Hz), 7.93 (1H, d, J = 6.8 Hz), 8.05 (1H, d, J = 8.3 Hz), 8.25 (1H, s), 8.30 (1H, dd, J = 1.5, 7.8 
Hz), 8.59 (2H, br s), 8.75 (2H, br s), 12.01 (1H, s). MS (FAB) m/z: 302 (M++H). Anal. Calcd for 
C15H12N3O2Cl·HCl: C, 53.27; H, 3.87; N, 12.43; Cl, 20.97. Found: C, 53.32; H, 3.91; N, 12.49; Cl, 
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20.70. 
 
8-Methyl-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(38h). 
The title compound was prepared in the same manner as described for 38a using 37h instead of 
37a in 92% yield. 
1H NMR (DMSO-d6) δ: 2.50 (3H, s), 5.64 (1H, s), 5.81 (1H, br s), 7.19 (1H, d, J = 7.3 Hz), 7.33 
(1H, t, J = 7.8 Hz), 7.74 (1H, d, J = 7.3 Hz), 7.97 (1H, d, J = 8.8 Hz), 8.24 (1H, s), 8.25 (1H, d, J = 
6.9 Hz), 8.56 (2H, br s), 8.74 (2H, br s), 11.94 (1H s). MS (FAB) m/z: 282 (M++H). Mp: 278–
283 °C. Anal. Calcd for C16H15N3O2·HCl·0.5H2O·0.8C4H8O: C, 59.98; H, 6.13; N, 10.93; Cl, 9.22. 
Found: C, 59.88; H, 5.88; N, 10.82; Cl, 9.20. 
 
Methyl 5-methyl-9-oxo-9H-fluorene-2-carboxylate (40). 
To a solurion of 36c (5.50 g, 23.1 mmol) in DMF (100 mL) was added potassium carbonate (4.79 
g, 34.6 mmol) and methyl iodide (2.16 mL, 34.6 mmol) and the reaction mixture was stirred at 
room temperature for 14 h. The reaction mixture was quenched by addition of water and resulting 
precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C to give the title 
compound 40 (5.53 g, 95%) as a yellow solid.  
1H NMR (DMSO-d6) δ: 2.61 (3H, s), 3.89 (3H, s), 7.36 (1H, t, J = 7.8 Hz), 7.48 (1H, d, J = 7.8 Hz), 
7.52 (1H, d, J = 7.3 Hz), 7.89 (1H, d, J = 7.8 Hz), 8.01 (1H, s), 8.17 (1H, dd, J = 1.4, 7.9 Hz). MS 
(FAB) m/z: 253 (M++H). 
 
Methyl 5-(acetoxymethyl)-9-oxo-9H-fluorene-2-carboxylate (41a). 
To a solution of 40 (2.0 g, 7.93 mmol) in CCl4 (40 mL) was added N-bromosuccinimide (NBS) 
(1.48 g, 8.32 mmol) and azobisisobutyronitrile (AIBN) (60 mg, 0.36 mmol) and the mixture was 
stirred at 100 °C for 6.5 h. The reaction mixture was filtered through celite® and washed with CCl4. 
The filtrate was concentrated in vacuo to give the corresponding bromide as a yellow solid, which 
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was used for the next step without further purification. To a solution of the bromide obtained above 
(700 mg, ca 2.11 mmol) in DMF (10 mL) was added potassium acetate (290 mg, 2.95 mmol) and 
the reaction mixture was stirred at room temperature for 1.5 h. The reaction mixture was 
concentrated in vacuo. To the resultant residue was added water and stirred at room temperature for 
30 min. The precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C. The 
resultant residue was purified by silica gel column chromatography (toluene-EtOAc) to give the 
title compound 41a (432 mg, 70% in 2 steps) as a yellow solid. 
1H NMR (DMSO-d6) δ: 2.10 (3H, s), 3.89 (3H, s), 5.43 (2H, s), 7.49 (1H, t, J = 7.3 Hz), 7.68 (1H, 
d, J = 7.8 Hz), 7.69 (1H, d, J = 7.4 Hz), 7.79 (1H, d, J = 8.3 Hz), 8.06 (1H, d, J = 1.5 Hz), 8.23 (1H, 
dd, J = 1.4, 7.8 Hz). MS (FAB) m/z: 311 (M++H). 
 
N-(Diaminomethylene)-5-(hydroxymethyl)-9-oxo-9H-fluorene-2-carboxamide (37i). 
The title compound was prepared in the same manner as described for 37f using 41a instead of 
39a in 29% yield. 
1H NMR (DMSO-d6) δ: 4.84 (2H, d, J = 4.4 Hz), 5.35 (1H, br s), 7.41 (1H, t, J = 7.4 Hz), 7.56 (1H, 
d, J = 6.8 Hz), 7.68 (1H, d, J = 7.8 Hz), 8.26 (1H, dd, J = 1.5, 7.9 Hz), 8.32 (1H, d, J = 1.4 Hz). MS 
(FAB) m/z: 296 (M++H). Mp: 248–250 °C. Anal. Calcd for C16H13N3O3·0.1H2O·0.1C3H7NO: C, 
64.31; H, 4.60; N, 14.26. Found: C, 64.32; H, 4.37; N, 14.43. 
 
N-(Diaminomethylene)-9-hydroxy-5-(hydroxymethyl)-9H-fluorene-2-carboxamide 
monohydrochloride (38i). 
The title compound was prepared in the same manner as described for 38a using 37i instead of 
37a in 88% yield. 
1H NMR (DMSO-d6) δ: 4.89 (2H, d, J = 4.4 Hz), 5.45 (1H, br s), 5.56 (1H, s), 6.06 (1H, br s), 7.41 
(1H, t, J = 7.3 Hz), 7.48 (1H, d, J = 6.8 Hz), 7.58 (1H, d, J = 7.4 Hz), 7.97 (1H, d, J = 8.8 Hz), 8.22 
(1H, s), 8.24 (1H, s), 8.50 (2H, br s), 8.63 (2H, br s), 11.77 (1H, s). MS (FAB) m/z: 298 (M++H). 
Mp: 248–253 °C. Anal. Calcd for C16H15N3O3·HCl·0.1H2O: C, 57.27; H, 4.87; N, 12.52; Cl, 10.56. 
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Found: C, 57.10; H, 4.92; N, 12.37; Cl, 10.45. 
 
Methyl 5-(methoxymethyl)-9-oxo-9H-fluorene-2-carboxylate (41b). 
The intermediate bromide was prepared from 40 using a same procedure to that described for 41a. 
To a solution of the bromide (700 mg, ca 2.11 mmol) in THF (10 mL) was added NaOMe (160 mg, 
2.96 mmol) and the mixture was stirred at room temperature for 3.5 h. The reaction mixture was 
concentrated in vacuo. To the resultant residue was added water, 1M HCl aq and stirred at room 
temperature for 30 min. The precipitate was collected by filtration, washed with water, dried in 
vacuo at 50 °C. The resultant residue was purified by silica gel column chromatography 
(toluene-EtOAc) to give the title compound 41b (131 mg, 23% in 2 steps) as a yellow solid. 
1H NMR (DMSO-d6) δ: 3.42 (3H, s), 3.89 (3H, s), 4.76 (2H, s), 7.48 (1H, t, J = 7.4 Hz), 7.67 (1H, 
d, J = 7.3 Hz), 7.68 (1H, d, J = 7.8 Hz), 7.81 (1H, d, J = 7.8 Hz), 8.06 (1H, d, J = 1.5 Hz), 8.23 (1H, 
dd, J = 1.5, 7.8 Hz). MS (FAB) m/z: 283 (M++H). 
 
N-(Diaminomethylene)-5-(methoxymethyl)-9-oxo-9H-fluorene-2-carboxamide (37j). 
The title compound was prepared in the same manner as described for 37f using 41b instead of 
39a in 74% yield. 
1H NMR (DMSO-d6) δ: 3.42 (3H, s), 4.75 (2H, s), 7.41 (1H, t, J = 7.3 Hz), 7.61 (1H, d, J = 7.3 Hz), 
7.63 (1H, d, J = 7.8 Hz), 7.68 (1H, d, J = 7.9 Hz), 8.28 (1H, dd, J = 1.5, 7.8 Hz), 8.33 (1H, d, J = 
1.4 Hz). MS (FAB) m/z: 310 (M++H). Mp: 174–177 °C. Anal. Calcd for C17H15N3O3·1.1H2O: C, 
62.04; H, 5.27; N, 12.77. Found: C, 61.83; H, 5.36; N, 13.05. 
 
N-(Diaminomethylene)-9-hydroxy-5-(methoxymethyl)-9H-fluorene-2-carboxamide 
monohydrochloride (38j). 
The title compound was prepared in the same manner as described for 38a using 37j instead of 
37a in 75% yield. 
1H NMR (DMSO-d6) δ: 3.39 (3H, s), 4.80 (2H, s), 5.57 (1H, s), 6.08 (1H, br s), 7.40–7.45 (2H, m), 
107 
7.64 (1H, dd, J = 2.5, 5.9 Hz), 7.88 (1H, d, J = 8.3 Hz), 8.20 (1H, d, J = 7.8 Hz), 8.23 (1H, s), 8.48 
(2H, br s), 8.57 (2H, br s), 11.69 (1H, s). MS (FAB) m/z: 312 (M++H). Mp: 244–247 °C. Anal. 
Calcd for C17H17N3O3·HCl·0.1H2O: C, 58.40; H, 5.25; N, 12.02; Cl, 10.14. Found: C, 58.30; H, 
5.11; N, 12.01; Cl, 10.11. 
 
Methyl 9-acetamido-9H-fluorene-2-carboxylate (42a). 
To a cold (0 °C) solution of 9-oxo-9H-fluorene-2-carboxylic acid (4a, 16.7 g, 74.5 mmol) in 
MeOH (250 mL) was added H2SO4 (9.5 g) and the mixture was refluxed for 3 days, then allowed to 
cool. The appeared precipitate was collected by filtration and washed with MeOH, dried in vacuo at 
50 °C to give methyl 9-oxo-9H-fluorene-2-carboxylate (16.7 g, 94%). To a solution of methyl 
9-oxo-9H-fluorene-2-carboxylate (4.28 g, 18 mmol) in MeOH (200 mL) was added 50% 
hydroxylamine aqueous solution (2.38 g, 36 mmol) and the mixture was refluxed for 14 h. After 
cooling, the reaction mixture was concentrated in vacuo and precipitate was collected by filtration, 
dried in vacuo at 60 °C. The precipitate was suspended with THF-MeOH and filtered to give 
methyl 9-(hydroxyimino)-9H-fluorene-2-carboxylate (1.05 g, 23%). To a solution of the 
hydroxyimine obtained above (510 mg, 2.01 mmol) in 1,4-dioxane (50 mL) was added acetic 
anhydride (620 mg, 6 mmol) and Pd-C (10 wt%) (30 mg), and the reaction mixture was stirred at 
room temperature under hydrogen atmosphere for 1 day. The reaction mixture was filtered through 
celite® pad and washed with MeOH. The filtrate was concentrated in vacuo and the resultant 
residue was suspended with MeOH and filtered to give the title compound 42a (500 mg, 88%) as a 
colorless solid. 
1H NMR (CDCl3) δ: 2.14 (3H, s), 3.93 (3H, s), 5.69 (1H, d, J = 8.8 Hz), 6.29 (1H, d, J = 9.2 Hz), 
7.38 (1H, td, J = 1.2, 7.6 Hz), 7.44 (1H, t, J = 6.8 Hz), 7.61 (1H, d, J = 6.8 Hz), 7.74 (2H, d, J = 8.0 
Hz), 8.11 (1H, dd, J = 1.2, 8.0 Hz), 8.21 (1H, s). MS (FAB) m/z: 282 (M++H). 
 
Methyl 9-[(tert-butoxycarbonyl)amino]-9H-fluorene-2-carboxylate (42b). 
The intermediate hydroxyimine was prepared from 4a using a same procedure to that described 
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for 42a. To a solution of the hydroxyimine (2.0 g, 7.9 mmol) in 1,4-dioxane (40 mL) was added 
di-tert-butyl dicarbonate (Boc2O) (5.2 g, 23.7 mmol) and Pd-C (10 wt%) (200 mg), and the mixture 
was stirred at room temperature under hydrogen atmosphere for 3 days. The reaction mixture was 
filtered through celite® pad and washed with MeOH. The filtrate was concentrated in vacuo and the 
resultant residue was suspended with MeOH and filtered to give the title compound 42b (1.44 g, 
54%) as a colorless solid. 
1H NMR (DMSO-d6) δ: 1.47 (9H, s), 3.87 (3H, s), 5.73 (1H, d, J = 9.2 Hz), 7.39–7.47 (2H, m), 
7.93 (1H, d, J = 7.6 Hz), 7.97 (1H, d, J = 8.4 Hz), 8.01 (1H, s), 8.03 (1H, s). MS (FAB) m/z: 338 
(M+-H). 
 
9-(Acetylamino)-N-(diaminomethylene)-9H-fluorene-2-carboxamide monohydrochloride 
(43a). 
To a solution of 42a (470 mg, 1.67 mmol) in MeOH (10 mL) was added 1 M NaOH aq (3.3 mL)  
and the reaction mixture was stirred at 70 °C for 1.5 h, then allowed to cool. 1M HCl aq (5 mL) 
was added to the mixture at 5 °C, and appeared precipitate was collected by filtration, washed with 
water, dried in vacuo at 60 °C to give 9-acetamido-9H-fluorene-2-carboxyc acid (430 mg, 96%) as 
a light yellow solid. To a solution of the carboxylic acid obtained above (330 mg, 1.23 mmol) in 
DMF (10 mL) was added CDI (600 mg, 3.7 mmol) and the mixture was stirred at room temperature 
for 1 h. This mixture was added to a solution which had been prepared by addition of NaH (60% 
dispersion in mineral oil; 340 mg, 8.5 mmol) to DMF (10 mL) solution of guanidine hydrochloride 
(1.18 g, 12.3 mmol) and stirring at room temperature for 3 h, and the reaction mixture was stirred at 
room temperature for 1 h. The reaction mixture was concentrated in vacuo and added EtOAc and 
saturated NaHCO3 aq. The aqueous layer was extracted with EtOAc, and the combined organic 
layer was concentrated in vacuo and the resultant residue was suspended with EtOH and filtered to 
give 9-(acetylamino)-N-(diaminomethylene)-9H-fluorene-2-carboxamide (160 mg) as a colorless 
needle. The compound was converted to its monohydrochloride salt by treating it with 4 M 
HCl-EtOAc (0.4 mL, 1.6 mmol) in EtOH(10 mL). The crude salt was suspended with EtOH and 
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filtered to give the title compound 43a (160 mg, 38%) as a colorless solid. 
1H NMR (DMSO-d6) δ: 1.98 (3H, s), 6.11 (1H, d, J = 7.3 Hz), 7.44 (1H, dt, J = 1.0, 7.8 Hz), 7.50 
(1H, t, J = 7.3 Hz), 7.56 (1H, d, J = 7.3 Hz), 8.01 (1H, d, J = 7.3 Hz), 8.08 (1H, d, J = 7.9 Hz), 8.14 
(1H, s), 8.27 (1H, dd, J = 1.0, 7.8 Hz), 8.53 (1H, d, J = 8.3 Hz), 8.55 (1H, br s), 8.70 (1H, br s), 
11.95 (1H,s). MS (FAB) m/z: 309 (M++H). Anal. Calcd for C17H16N4O2·HCl: C, 59.22, H, 4.97; N, 
16.25; Cl, 10.28. Found: C, 58.96; H, 5.10; N, 16.17; Cl, 10.26. 
 
9-Amino-N-(diaminomethylene)-9H-fluorene-2-carboxamide dihydrochloride (43c). 
To a solution of 42b (330 mg, 0.09 mmol) in MeOH (10 mL) was added 1 M NaOH aq (1.5 mL)  
and the reaction mixture was stirred at 50 °C for 2 days, then allowed to cool. The reaction mixture 
was concentrated in vacuo, 1M HCl aq (3.5 mL) was added to the mixture at room temperature. 
The aqueous layer was extracted with CHCl3, and the combined organic layer was dried over 
MgSO4 and evaporated in vacuo to give 9-[(tert-butoxycarbonyl)amino]-9H-fluorene-2-carboxylic 
acid, which was used for the next step without further purification. To a solution of the carboxylic 
acid obtained above in DMF (6 mL) was added CDI (240 mg, 1.4 mmol) and the mixture was 
stirred at room temperature for 1 h. This mixture was added to a solution which had been prepared 
by addition of NaH (60% dispersion in mineral oil; 330 mg, 8.2 mmol) to DMF (10 mL) solution of 
guanidine hydrochloride (1.0 g, 10.5 mmol) and stirring at room temperature for 1 h, and the 
reaction mixture was stirred at room temperature for 30 min. The reaction mixture was 
concentrated in vacuo and added CHCl3 and saturated NaHCO3 aq. The aqueous layer was 
extracted with CHCl3, and the combined organic layer was concentrated in vacuo and the resultant 
residue was purified by silica gel column chromatography (CHCl3-MeOH) to give 43b (170 mg) as 
a yellow oil. By treating with 4 M HCl-EtOAc (2 mL, 8 mmol) in MeOH (10 mL), 
tert-butoxycarbonyl protective group of 43b was deprotected and converted to its dihydrochloride 
salt. The crude salt was suspended with EtOH and filtered to give the title compound 43c (83 mg, 
25% in 3 steps) as a colorless solid. 
1H NMR (DMSO-d6) δ: 5.54 (1H, br s), 7.54 (1H, dt, J = 1.0, 7.3 Hz), 7.60 (1H, t, J = 7.3 Hz), 8.05 
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(1H, d, J = 7.6 Hz), 8.09 (1H, d, J = 7.3 Hz), 8.16 (1H, d, J = 7.8 Hz), 8.52 (1H, d, J = 7.8 Hz), 
8.61 (1H, s), 8.62 (2H, br s), 8.82 (2H, br s), 9.17 (3H, br s), 12.26 (1H, s). MS (FAB) m/z: 267 
(M++H). Mp: >250 °C decompose. Anal. Calcd for C15H14N4O·2HCl: C, 53.11, H, 4.75; N, 16.52; 
Cl, 20.90. Found: C, 52.74; H, 4.88; N, 16.27; Cl, 20.63. 
 
Methyl 9-hydroxy-9H-fluorene-2-carboxylate (44). 
The intermediate methyl 9-oxo-9H-fluorene-2-carboxylate was prepared from 4a using a same 
procedure to that described for 42a. To a solution of methyl 9-oxo-9H-fluorene-2-carboxylate (480 
mg, 2.01 mmol) in MeOH (10 mL) was added NaBH4 (150 mg, 3.95 mmol) and the mixture was 
stirred at room temperature for 30 min. Reaction was quenched by addition of water, and the 
appeared precipitate was collected by filtration, washed with MeOH, dried in vacuo at 50 °C to 
give the title compound 44 (450 mg, 93%) as a colorless solid. 
1H NMR (DMSO-d6) δ: 3.89 (3H, s), 5.56 (1H, d, J = 5.9 Hz), 5.99 (1H, d, J = 6.8 Hz), 7.27–7.46 
(2H, m), 7.63 (1H, d, J = 6.9 Hz), 7.88–7.94 (2H, m), 8.01 (1H, dd, J = 0.6, 7.8 Hz), 8.15 (1H, d, J 
= 0.9 Hz). MS (FAB) m/z: 241 (M++H). 
 
9-Fluoro-9H-fluorene-2-carboxylic acid (45). 
To a cold (0 °C) solution of 44 (900 mg, 3.56 mmol) in CH2Cl2 (25 mL) was added 
N,N-diethylaminosulfur trifluoride (DAST) (660 mg, 4.10 mmol) and the reaction mixture was 
stirred at room temperature for 30 min. Reaction was quenched by addition of CHCl3 and saturated 
NaHCO3 aq, and the aqueous layer was extracted with CHCl3. After evaporation of the combined 
organic layer in vacuo, the resultant residue was purified by silica gel column chromatography 
(CHCl3) to give methyl 9-fluoro-9H-fluorene-2-carboxylate (720 mg, 83%) as a colorless solid. To 
a solution of methyl 9-fluoro-9H-fluorene-2-carboxylate (720 mg, 2.97 mmol) in MeOH (10 mL) 
was added 1 M NaOH aq (4.5 mL) and the mixture was stirred at 50 °C for 3 h, then allowed to 
cool. The reaction mixture was concentrated in vacuo. To the resultant residue was added 1 M HCl 
aq to acidify and the appeared precipitate was collected by filtration, washed with water, dried in 
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vacuo at 50 °C to give the title compound 45 (610 mg, 90%) as a colorless solid. 
1H NMR (DMSO-d6) δ: 6.58 (1H, d, J = 52.7 Hz), 7.45 (1H, t, J = 7.3 Hz), 7.54 (1H, t, J = 7.1 Hz), 
7.71 (1H, d, J = 7.5 Hz), 7.93 (1H, d, J = 7.5 Hz), 7.96 (1H, d, J = 8.1 Hz), 8.08 (1H, d, J = 8.0 Hz), 
8.15 (1H, s), 13.08 (1H, s). MS (FAB) m/z: 227 (M++H). 
 
N-(9-Fluoro-9H-fluorene-2-carbonyl)guanidine monohydrochloride (46). 
To a solution of 45 (580 mg, 2.54 mmol) in DMF (10 mL) was added CDI (460 mg, 2.84 mmol) 
and the mixture was stirred at room temperature for 1 h. This mixture was added to a solution 
which had been prepared by addition of NaH (60% dispersion in mineral oil; 500 mg, 12.7 mmol) 
to DMF (10 mL) solution of guanidine hydrochloride (1.21 g, 12.7 mmol) and stirring at room 
temperature for 1 h, and the reaction mixture was stirred at room temperature for 3 h. The reaction 
mixture was concentrated in vacuo and added EtOAc and the organic layer was washed with 1 M 
NaOH aq, dried over MgSO4 and evaporated in vacuo and the resultant residue was purified by 
silica gel column chromatography (CHCl3-MeOH) to give 
N-(9-fluoro-9H-fluorene-2-carbonyl)guanidine as a yellow oil. The compound was converted to its 
monohydrochloride salt by treating it with 4 M HCl-EtOAc (1.0 mL, 4.0 mmol) in EtOH(10 mL). 
The crude salt was suspended with EtOH and filtered to give the title compound 46 (460 mg, 59%) 
as a pale yellow solid. 
1H NMR (DMSO-d6) δ: 6.60 (1H, d, J = 52.7 Hz), 7.49 (1H, t, J = 7.8 Hz), 7.57 (1H, t, J = 7.8 Hz), 
7.74 (1H, d, J = 7.8 Hz), 7.99 (1H, d, J = 7.3 Hz), 8.07 (1H, d, J = 7.8 Hz), 8.33 (1H, d, J = 7.8 Hz), 
8.36 (1H, s), 8.56 (2H, br s), 8.71 (2H, br s), 12.03 (1H, s). MS (FAB) m/z: 270 (M++H). Mp: 
>250 °C decompose. Anal. Calcd for C15H12N3OF·HCl: C, 58.93, H, 4.29; N, 13.74; Cl, 11.60; F, 
6.21. Found: C, 58.86; H, 4.23; N, 13.67; Cl, 11.36; F, 6.17. 
 
N-(Diaminomethylene)-9-methyl-9H-fluorene-2-carboxamide monohydrochloride (48). 
The title compound was prepared in the same manner as described for 46 using 47 instead of 45 in 
37% yield. 
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1H NMR (DMSO-d6) δ: 1.54 (3H, d, J = 7.3 Hz), 4.07 (1H, q, J = 7.3 Hz), 7.43–7.46 (2H, m), 
7.64–7.69 (1H, m), 7.98–8.04 (1H, m), 8.08 (1H, d, J = 7.8 Hz), 8.22 (1H, dd, J = 1.0, 7.8 Hz), 8.49 
(1H, s), 8.55 (2H, br s), 8.86 (2H, br s), 12.12 (1H, s). MS (FAB) m/z: 266 (M++H). Mp: 256–
260 °C decompose. Anal. Calcd for C16H15N3O·HCl: C, 63.68, H, 5.34; N, 13.92; Cl, 11.75. Found: 
C, 63.71; H, 5.34; N, 13.85; Cl, 11.79. 
 
9-Hydroxy-9-methyl-9H-fluorene-2-carboxylic acid (49a). 
To a cold (-50 °C) solution of 4a (1.0 g, 4.46 mmol) in THF (20 mL) was added MeLi (1.2 M in 
Et2O; 11 mL, 13.4 mmol) and the reaction mixture was stirred at -50 °C for 1.5 h. The reaction 
mixture was poured on ice-1 M HCl aq, then the aqueous layer was extracted with Et2O, and the 
organic layer was washed with brine, dried over MgSO4 and evaporated in vacuo. The resultant 
residue was suspended with Et2O and filtered to give the title compound 49a (877 mg, 82%) as a 
pale yellow solid. 
1H NMR (DMSO-d6) δ: 1.59 (3H, s), 5.65 (1H, s), 7.37–7.40 (2H, m), 7.56–7.59 (1H, m), 7.82–
7.83 (1H, m), 7.86 (1H, d, J = 8.0 Hz), 7.96 (1H, dd, J = 1.6, 7.6 Hz), 8.07 (1H, d, J = 0.8 Hz), 
12.89 (1H, br s). MS (FAB) m/z: 239 (M+-H). 
 
5-Methyl-9-hydroxy-9-methyl-9H-fluorene-2-carboxylic acid (49b). 
The title compound was prepared in the same manner as described for 49a using 36c instead of 4a 
in 35% yield. 
1H NMR (DMSO-d6) δ: 1.57 (3H, s), 2.64 (3H, s), 5.61 (1H, s), 7.19 (1H, d, J = 7.3 Hz), 7.28 (1H, 
t, J = 7.8 Hz), 7.42 (1H, d, J = 7.3 Hz), 7.87 (1H, d, J = 7.9 Hz), 7.98 (1H, dd, J = 1.4, 7.8 Hz), 8.09 
(1H, d, J = 1.5 Hz), 12.92 (1H, br s). MS (EI) m/z: 254 (M+-H). 
 
5-Ethyl-9-hydroxy-9-methyl-9H-fluorene-2-carboxylic acid (49c). 
The title compound was prepared in the same manner as described for 49a using 36e instead of 4a 
in 87% yield. 
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1H NMR (DMSO-d6) δ: 1.28 (3H, t, J = 7.6 Hz), 1.65 (3H, s), 2.97–3.05 (2H, m), 5.59 (1H, s), 7.21 
(1H, d, J = 7.6 Hz), 7.31 (1H, t, J = 7.6 Hz), 7.43 (1H, d, J = 7.2 Hz), 7.84 (1H, d, J = 8.0 Hz), 7.98 
(1H, dd, J = 1.6, 8.0 Hz), 8.08 (1H, s), 12.89 (1H, br s). MS (FAB) m/z: 267 (M+-H). 
 
N-(Diaminomethylene)-9-hydroxy-9-methyl-9H-fluorene-2-carboxamide monohydrochloride 
(50a). 
The title compound was prepared in the same manner as described for 46 using 49a instead of 45 
in 55% yield. 
1H NMR (DMSO-d6) δ: 1.64 (3H, s), 5.74 (1H, br s), 7.39–7.43 (2H, m), 7.59–7.62 (1H, m), 7.88–
7.92 (1H, m), 7.97 (1H, d, J = 7.8 Hz), 8.19 (1H, dd, J = 1.5, 7.8 Hz), 8.26 (1H, d, J = 1.4 Hz), 8.53 
(2H, br s), 8.75 (2H, br s), 11.95 (1H, s). 13C NMR (DMSO-d6) δ: 26.8, 78.0, 120.1, 121.2, 123.3, 
123.4, 128.5, 129.2, 129.3, 129.9, 136.6, 143.8, 151.4, 152.0, 155.6, 167.2. IR (neat) cm-1: 3291, 
3131, 1683, 1213, 1093, 771, 734. MS (FAB) m/z: 282 (M++H). Mp: 210–211 °C. Anal. Calcd for 
C16H15N3O2·HCl·0.2H2O: C, 59.80, H, 5.14; N, 13.08; Cl, 11.03. Found: C, 59.71; H, 5.27; N, 
12.71; Cl, 10.93. 
 
N-(Diaminomethylene)-9-hydroxy-5,9-dimethyl-9H-fluorene-2-carboxamide 
monohydrochloride (50b). 
The title compound was prepared in the same manner as described for 46 using 49b instead of 45 
in 83% yield. 
1H NMR (DMSO-d6) δ: 1.62 (3H, s), 2.66 (3H, s), 5.68 (1H, br s), 7.22 (1H, d, J = 7.3 Hz), 7.32 
(1H, t, J = 7.8 Hz), 7.45 (1H, d J = 7.3 Hz), 7.94 (1H, d, J = 8.3 Hz), 8.20 (1H, dd, J = 1.5, 8.3 Hz), 
8.28 (1H, s), 8.52 (2H, br s), 8.74 (2H, br s), 11.94 (1H, s). MS (FAB) m/z: 296 (M++H). Mp: 214–
217 °C. Anal. Calcd for C17H17N3O2·HCl·0.3H2O: C, 60.55, H, 5.56; N, 12.46; Cl, 10.51. Found: 
C,60.55; H, 5.46; N, 12.51; Cl, 10.55. 
 
N-(Diaminomethylene)-5-ethyl-9-hydroxy-9-methyl-9H-fluorene-2-carboxamide 
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monohydrochloride (50c). 
The title compound was prepared in the same manner as described for 46 using 49c instead of 45 
in 72% yield. 
1H NMR (DMSO-d6) δ: 1.29 (3H, t, J = 7.3 Hz), 1.61 (3H, s), 2.98–3.06 (2H, m), 5.69 (1H, s), 7.24 
(1H, d, J = 6.9 Hz), 7.36 (1H, t, J = 7.3 Hz), 7.46 (1H, d, J = 6.8 Hz), 7.92 (1H, d, J = 8.3 Hz), 8.18 
(1H, dd, J = 2.0, 8.3 Hz), 8.26 (1H, d, J = 1.9 Hz), 8.50 (2H, br s), 8.69 (2H, br s), 11.86 (1H, s). 
MS (FAB) m/z: 310 (M++H). Mp: 233–235 °C. Anal. Calcd for C18H19N3O2·HCl·0.1H2O: C, 62.19, 
H, 5.86; N, 12.09; Cl, 10.20. Found: C,61.92; H, 5.79; N, 11.96; Cl, 10.19. 
 
Chapter 3 
 
9-Ethyl-9-hydroxy-9H-fluorene-2-carboxylic acid (51a) 
To a cold (-50 °C) solution of 4a (700 mg, 3.12 mmol) in THF (16 mL) was added EtMgBr (3.0 
M in Et2O; 3.1 mL, 9.3 mmol) and the reaction mixture was stirred at 0 °C for 5 h. Reaction was 
quenched by addition of 1 M HCl aq (20 mL) at 0 °C, then the aqueous layer was extracted with 
Et2O, and the organic layer was washed with brine, dried over Na2SO4 and evaporated in vacuo. 
The resultant residue was purified by silica gel column chromatography (CHCl3-MeOH) to give the 
title compound 51a (547 mg, 69%) as a pale orange solid. 
1H NMR (DMSO-d6) δ: 0.42 (3H, t, J = 7.3 Hz), 2.05 (2H, qd, J = 2.0, 7.3 Hz), 5.67 (1H, s), 7.34–
7.41 (2H, m), 7.50–7.53 (1H, m), 7.81–7.83 (1H, m), 7.85 (1H, d, J = 7.8 Hz), 7.96 (1H, dd, J = 1.5, 
7.8 Hz), 8.01 (1H, d, J = 1.0 Hz), 12.91 (1H, s). MS (FAB) m/z: 253 (M-H). 
 
9-Butyl-9-hydroxy-9H-fluorene-2-carboxylic acid (51b) 
To a cold (-50 °C) solution of 4a (445 mg, 2.0 mmol) in THF (30 mL) was added n-BuLi (1.6 M 
in hexane; 3.8 mL, 6.08 mmol) and the reaction mixture was stirred at 0 °C for 2 h, then the 
mixture was warmed up to room temperature and stirred for 3h. The reaction was quenched by 
addition of 1 M HCl aq (20 mL) at 0 °C, then the aqueous layer was extracted with Et2O, and the 
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organic layer was washed with brine, dried over Na2SO4 and evaporated in vacuo. The resultant 
residue was suspended with acetone and filtered to give the title compound 51b (134 mg, 24%) as a 
white solid. 
1H NMR (DMSO-d6) δ : 0.65–0.77 (5H, m), 1.04–1.13 (2H, m), 2.00–2.05 (2H, m), 5.65 (1H, s), 
7.34–7.41 (2H, m), 7.50–7.53 (1H, m), 7.81–7.83 (1H, m), 7.85 (1H, s), 7.95 (1H, dd, J = 1.9, 10.4 
Hz), 8.01 (1H, s), 12.92 (1H, br s). MS (FAB) m/z: 281 (M-H). 
 
N-(Diaminomethylene)-9-ethyl-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(52a) 
To a solution of 51a (300 mg, 1.18 mmol) in DMF (10 mL) was added CDI (288 mg, 1.78 mmol) 
at room temperature and the reaction mixture was stirred at 50 °C for 1 h, then allowed to cool. 
This mixture was added to a solution which had been prepared by addition of NaH (55% dispersion 
in mineral oil; 257 mg, 5.9 mmol) to DMF (5 mL) solution of guanidine hydrochloride (620 mg, 
6.5 mmol) and stirring at room temperature for 1 h, and the reaction mixture was stirred at room 
temperature for 5 h. The reaction mixture was concentrated in vacuo and added water and stirred at 
0 °C for 15 min. The precipitate was collected by filtration, washed with water, dried in vacuo at 
50 °C. The resultant residue was purified by silica gel column chromatography (DMF-CHCl3) to 
give N-(diaminomethylene)-9-ethyl-9-hydroxy-9H-fluorene-2-carboxamide. The compound was 
converted to its monohydrochloride salt by treating it with 4 M HCl-1,4-dioxane (0.41 mL, 1.6 
mmol) in EtOH (7 mL). The crude salt was suspended with EtOH and filtered to give the title 
compound 52a (309 mg, 79%) as a white solid. 
1H NMR (DMSO-d6) δ : 0.42 (3H, t, J = 7.3 Hz), 2.04–2.18 (2H, m), 5.75 (1H, br s), 7.39–7.44 (2H, 
m), 7.52–7.55 (2H, m), 7.90 (1H, dd, J = 3.0, 6.3 Hz), 7.99 (1H, d, J = 7.8 Hz), 8.19 (1H, d, J = 1.0 
Hz), 8.21 (1H, dd, J = 2.0, 8.3 Hz), 8.54 (2H, br s), 8.75 (2H, br s), 11.94 (1H, s). MS (FAB) m/z: 
296 (M++H). Mp: 232–234 ºC. Anal. Calcd for C17H17N3O2·HCl: C, 61.54; H, 5.47; N, 12.66; Cl, 
10.69. Found: C, 61.26; H, 5.44; N, 12.63; Cl, 10.94. 
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9-Butyl-N-(diaminomethylene)-9-hydroxy-9H-fluorene-2-carboxamide monohydrochloride 
(52b) 
The title compound was prepared in the same manner as described for 52a using 51b instead of 
51a in 36% yield. 
1H NMR (DMSO-d6) δ : 0.65–0.75 (5H, m), 1.05–1.15 (2H, m), 2.03–2.15 (2H, m), 5.74 (1H, br s), 
7.39–7.44 (2H, m), 7.52–7.57 (2H, m), 7.86–7.91 (1H, m), 7.96 (1H, d, J = 8.3 Hz), 8.18 (1H, s), 
8.20 (1H, dd, J = 1.4, 7.8 Hz), 8.52 (2H, br s), 8.73 (2H, br s), 11.92 (1H, s). MS (FAB) m/z: 324 
(M++H). Anal. Calcd for C19H21N3O2·HCl·0.2 H2O: C, 62.79; H, 6.21; N, 11.56; Cl, 9.75. Found: C, 
62.51; H, 6.17; N, 11.66; Cl, 9.74. 
 
Methyl 9-methoxy-9-methyl-9H-fluorene-2-carboxylate (53a) 
To a solution of 49a (1.38 g, 5.7 mmol) in DMF (10 mL) was added K2CO3 (950 mg, 6.8 mmol) 
and MeI (1.22 g, 8.4 mmol) and the reaction mixture was stirred at room temperature for 2.5 h. The 
reaction mixture was concentrated in vacuo. To the resultant residue was added water and CHCl3 
and separated. The organic layer was washed with saturated NaHCO3 aq, dried over MgSO4 and 
evaporated in vacuo. The resultant residue was purified by silica gel column chromatography 
(CHCl3) to give the methyl ester (1.34 mg, 92%) as a white solid. To a solution of the ester 
obtained above (500 mg, 1.97 mmol) in MeOH (10 mL) was added Fe(NO3)3·9H2O (150 mg, 0.4 
mmol) and the mixture was stirred at 80 °C for 40 h, and then allowed to cool. The reaction mixture 
was concentrated in vacuo, and the resultant residue was purified by silica gel column 
chromatography (CHCl3) to give the title compound 53a (510 mg, 96%) as a pale yellow solid. 
1H NMR (CDCl3) δ : 1.71 (3H, s), 2.75 (3H, s), 3.95 (3H, s), 7.37–7.43 (2H, m), 7.50–7.52 (1H, m), 
7.69–7.71 (2H, m), 8.10 (1H, dd, J = 1.6, 8.0 Hz), 8.15 (1H, d, J = 1.6 Hz). MS (FAB) m/z: 
269(M++H). 
 
Methyl 9-ethyl-9-methoxy-9H-fluorene-2-carboxylate (53b) 
The title compound was prepared in the same manner as described for 53a using 51a instead of 
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49a in 64% yield in 2 steps. 
1H NMR (DMSO-d6) δ : 0.42 (3H, t, J = 7.8 Hz), 2.10 (2H, dq, J = 3.0, 7.4 Hz), 2.65 (3H, s), 3.96 
(3H, s), 7.43–7.51 (3H, m), 7.92 (1H, dd, J = 2.0, 7.3 Hz), 7.96 (1H, s), 7.97 (1H, d, J = 6.4 Hz), 
8.05 (1H, dd, J = 1.5, 7.8 Hz). MS (FAB) m/z: 283(M++H). 
 
N-(Diaminomethylene)-9-methoxy-9-methyl-9H-fluorene-2-carboxamide monohydrochloride 
(52c) 
To a cold (0 °C) solution of guanidine hydrochloride (1.14 g, 11.9 mmol) in DMF (13 mL) was 
added portionwise NaH (60% dispersion in mineral oil; 381 mg, 9.5 mmol) and the mixture was 
stirred at room temperature for 2.5 h. To the mixture was added dropwise a solution of 53a (639 mg, 
2.38 mmol) in DMF (13 mL) and the mixture was stirred at 70 °C for 17 h. After cooling, the 
reaction mixture was concentrated in vacuo, then water was added at 0 °C, and stirred at 0 °C for 
30 min. The precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C. The 
resultant residue was purified by silica gel column chromatography (CHCl3-MeOH) to give 
N-(diaminomethylene)-9-methoxy-9-methyl-9H-fluorene-2-carboxamide. The compound was 
converted to its monohydrochloride salt by treating it with 4 M HCl-EtOAc (0.9 mL, 3.6 mmol) in 
EtOH (18 mL). The crude salt was suspended with EtOH and filtered to give the title compound 
52c (540 mg, 68%) as a white solid. 
1H NMR (DMSO-d6) δ : 1.67 (3H, s), 2.65 (3H, s), 7.44–7.52 (2H, m), 7.54–7.58 (1H, m), 7.94–
7.99 (1H, m), 8.04 (1H, d, J = 7.8 Hz), 8.24 (1H, dd, J = 1.5, 7.3 Hz), 8.30 (1H, d, J = 1.5 Hz), 8.61 
(2H, br s), 8.85 (2H, br s), 12.19 (1H, s). MS (FAB) m/z: 296 (M++H). Mp: 225–230 ºC. Anal. 
Calcd for C17H17N3O2·HCl: C, 61.54; H, 5.47; N, 12.66; Cl, 10.69. Found: C, 61.38; H, 5.43; N, 
12.65; Cl, 10.67. 
 
N-(Diaminomethylene)-9-ethyl-9-methoxy-9H-fluorene-2-carboxamide monohydrochloride 
(52d) 
The title compound was prepared in the same manner as described for 52c using 53b instead of 
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53a in 66% yield. 
1H NMR (DMSO-d6) δ : 0.43 (3H, t, J = 7.6 Hz), 2.10–2.20 (2H, m), 2.68 (3H, s), 7.45–7.53 (1H, 
m), 7.95–7.97 (1H, m), 8.04 (1H, d, J = 7.8 Hz), 8.17 (1H, d, J = 1.5 Hz), 8.22 (1H, dd, J = 1.5, 7.8 
Hz), 8.51 (2H, br s), 8.71 (2H, br s), 11.95 (1H, s). MS (FAB) m/z: 310 (M++H). Mp: 202–205 ºC. 
Anal. Calcd for C18H19N3O2·HCl: C, 62.52; H, 5.83; N, 12.15; Cl, 10.25. Found: C, 62.53; H, 5.89; 
N, 12.16; Cl, 10.14. 
 
Propyl 9,9-dimethoxy-9H-fluorene-2-carboxylate (54) 
To a solution of 4a (3.00 g, 13.4 mmol) in n-PrOH (75 mL) was added H2SO4 (5 mL) and the 
mixture was stirred at 90 °C for 18 h, then allowed to cool. To the reaction mixture was added 
water at 0 °C and concentrated in vacuo. The precipitate was collected by filtration, washed with 
saturated NaHCO3, water, dried in vacuo at 50 °C to give the corresponding n-propyl ester (3.40 g, 
95%) as a yellow solid. To a cold (0 °C) solution of the ester obtained above (500 mg, 1.88 mmol) 
in MeOH (10 mL) was added trimethyl orthoformate (0.22 mL, 1.97 mmol), acetyl chloride (0.027 
mL, 0.37 mmol) and the mixture was stirred at room temperature for 2 days. After addition of 
toluene (10 mL), the reaction mixture was concentrated in vacuo, and the resultant residue was 
purified by silica gel column chromatography (CHCl3-hexane) to give the title compound 54 (303 
mg, 52%) as a brown oil. 
1H NMR (DMSO-d6) δ : 0.99 (3H, t, J = 7.4 Hz), 1.76 (2H, sext, J = 7.4 Hz), 3.32 (6H, s), 4.26 (2H, 
t, J = 6.9 Hz), 7.42 (1H, dt, J = 1.0, 7.4 Hz), 7.51 (1H, dt, J = 1.0, 7.4 Hz), 7.63 (1H, d, J = 7.3 Hz), 
7.90 (1H, d, J = 7.3 Hz), 7.95 (1H, d, J = 7.8 Hz), 8.01 (1H, d, J = 1.5 Hz), 8.07 (1H, dd, J = 1.5, 
7.8 Hz). MS (FAB) m/z: 313 (M++H). 
 
N-(diaminomethylene)-9,9-dimethoxy-9H-fluorene-2-carboxamide (52e) 
The title compound was prepared in the same manner as described for 52c using 54 instead of 53a 
in 76% yield. 
1H NMR (DMSO-d6) δ : 3.29 (6H, s), 7.36 (1H, dt, J = 0.9, 7.6 Hz), 7.46 (1H, dt, J = 1.0, 7.6 Hz), 
119 
7.55 (1H, d, J = 7.4 Hz), 7.78 (1H, d, J = 7.8 Hz), 7.81 (1H, d, J = 7.4 Hz), 8.15 (1H, dd, J = 1.4, 
7.8 Hz), 8.24 (1H, s). MS (FAB) m/z: 312 (M++H). Mp: 210–212 ºC. Anal. Calcd for C17H17N3O3: 
C, 65.58; H, 5.50; N, 13.50. Found: C, 65.49; H, 5.41; N, 13.38. 
 
Spiro[cyclopropane-1,9'-fluorene] (55a) 
The title compound was prepared according to a literature protocol46). 
1H NMR (CDCl3) δ : 1.72 (4H, s), 7.06 (2H, d, J = 6.8 Hz), 7.29 (2H, dt, J = 1.2, 7.2 Hz), 7.35 (2H, 
dt, J = 1.2, 7.2 Hz), 7.83 (2H, d, J = 8.0 Hz). MS (FAB) m/z: 193 (M++H). 
 
Spiro[cyclopentane-1,9'-fluorene] (55b) 
The title compound was prepared according to a literature protocol47). 
1H NMR (DMSO-d6) δ : 1.97–2.01 (4H, m), 2.10–2.13 (4H, m), 7.28–7.35 (4H, m), 7.49–7.51 (2H, 
m), 7.78–7.80 (2H, m). MS (GC-MS) m/z: 220 (M). 
 
Spiro[cyclopropane-1,9'-fluorene]-2'-carbonitrile (56a) 
 To a solution of 55a (1.01 g, 5.25 mmol) in propylene carbonate (7 mL) was added 
N-bromosuccinimide (NBS) (935 mg, 5.25 mmol) and the mixture was stirred at 60 °C for 2 h, then 
allowed to cool. To the reaction mixture was added water and CHCl3. The aqueous layer was 
extracted with CHCl3, and the combined organic layer was dried over MgSO4. After evaporation in 
vacuo, the resultant residue was purified by silica gel chromatography (hexane) to give the 
corresponding bromide as a colorless oil (600 mg, 42%). To a solution of the bromide obtained 
above (600 mg, 2.2 mmol) in DMF (5 mL) was added copper (I) cyanide (297 mg, 3.3 mmol) and 
the mixture was stirred at 150 °C for 1 day, then allowed to cool. To the reaction mixture was added 
NH3 aq, water, benzene and Et2O, then stirred at room temperature for 30 min, and the resulting 
solid was filtered. The aqueous layer was extracted with Et2O, and the combined organic layer was 
washed with dilute NH3 aq, 1 M HCl aq, water and brine, dried over MgSO4. After evaporation in 
vacuo, the resultant residue was purified by silica gel chromatography (EtOAc-hexane) to give the 
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title compound 56a as a yellow solid (215 mg, 45%). 
1H NMR (CDCl3) δ : 1.80 (4H, s), 7.08–7.12 (2H, m), 7.31 (1H, d, J = 1.2 Hz), 7.39–7.42 (2H, m), 
7.64 (1H, dd, J = 1.2, 8.0 Hz), 7.86–7.89 (2H, m). MS (FAB) m/z: 218 (M++H). 
 
Spiro[cyclopentane-1,9'-fluorene]-2'-carbonitrile (56b) 
The title compound was prepared in the same manner as described for 56a using 55b instead of 
55a in 57% yield in 2 steps. 
1H NMR (DMSO-d6) δ : 1.98–2.08 (4H, m), 2.11–2.14 (4H, m), 7.38–7.44 (2H, m), 7.57 (1H, d, J 
= 6.8 Hz), 7.81 (1H, d, J = 8.0 Hz), 7.94–7.96 (1H, m), 7.98 (1H, s), 8.02 (1H, d, J = 6.8 Hz). MS 
(ESI) m/z: 246 (M+H). 
 
Spiro[cyclopropane-1,9'-fluorene]-2'-carboxylic acid (57a) 
To a solution of 56a (210 mg, 0.97 mmol) in EtOH (5 mL) was added 8 M KOH aq (2.4 mL, 19.2 
mmol) and the mixture was stirred at 90 °C for 6.5 h, then allowed to cool. The reaction mixture 
was concentrated in vacuo and added water, acidified (pH 1.0) with 6 M HCl aq at 0 °C. The 
precipitate was collected by filtration, washed with water, dried in vacuo at 50 °C to give the title 
compound 57a as a pale orange solid (219 mg, 96 %). 
1H NMR (DMSO-d6) δ : 1.79–1.82 (2H, m), 1.84–1.89 (2H, m), 7.24–7.26 (1H, m), 7.36–7.42 (2H, 
m), 7.75 (1H, d, J = 0.8 Hz), 7.96 (1H, dd, J = 0.8, 8.0 Hz), 8.01–8.05 (2H, m), 12.86 (1H, br s). 
MS (ESI) m/z: 235 (M-H). 
 
Spiro[cyclopentane-1,9'-fluorene]-2'-carboxylic acid (57b) 
The title compound was prepared in the same manner as described for 57a using 56b instead of 
56a in quantitative yield. 
1H NMR (DMSO-d6) δ : 2.02 (4H, br s), 2.13 (4H, br s), 7.37–7.40 (2H, m), 7.55–7.57 (1H, m), 
7.88–7.97 (3H, m), 8.02 (1H, s). MS (ESI) m/z: 263 (M-H). 
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N-(Diaminomethylene)spiro[cyclopropane-1,9'-fluorene]-2'-carboxamide monohydrochloride 
(58a) 
To a solution of 57a (197 mg, 0.83 mmol) in DMF (6 mL) was added CDI (203 mg, 1.25 mmol) 
and the mixture was stirred at room temperature for 1.5 h. To the mixture was added guanidine 
carbonate (359 mg, 2.0 mmol) and the mixture was stirried at room temperature for 1 h. The 
reaction mixture was poured into water and the precipitate was collected by filtration, washed with 
water, dried in vacuo at 50 °C to give 
N-(diaminomethylene)spiro[cyclopropane-1,9'-fluorene]-2'-carboxamide (192 mg) as a pale orange 
solid. The compound was converted to its monohydrochloride salt by treating it with 4 M 
HCl-EtOAc (0.26 mL, 1.0 mmol) in EtOH (5.2 mL). The crude salt was suspended with EtOH and 
filtered to give the title compound 58a (201 mg, 77%) as a gray solid. 
1H NMR (DMSO-d6) δ : 1.18–1.86 (2H, m), 1.97–2.02 (2H, m), 7.27–7.31 (1H, m), 7.39–7.44 (2H, 
m), 8.05–8.10 (2H, m), 8.14 (1H, d, J = 7.8 Hz), 8.20 (1H, d, J = 1.4 Hz), 8.51 (2H, br s), 8.85 (2H, 
br s), 12.17 (1H, s). MS (FAB) m/z: 278 (M++H). Mp: 268–273 ºC. Anal. Calcd for 
C17H15N3O·0.95HCl·1.2H2O: C, 61.21; H, 5.54; N, 12.60; Cl, 10.10. Found: C, 61.35; H, 5.34; N, 
12.35; Cl, 9.98. 
 
N-(Diaminomethylene)spiro[cyclopentane-1,9'-fluorene]-2'-carboxamide monohydrochloride 
(58b) 
The title compound was prepared in the same manner as described for 58a using 57b instead of 
57a in 70% yield. 
1H NMR (DMSO-d6) δ : 1.94–2.02 (2H, m), 2.08–2.18 (4H, m), 2.18–2.26 (2H, m), 7.38–7.45 (2H, 
m), 7.56–7.59 (1H, m), 7.93–7.97 (1H, m), 8.02 (1H, d, J = 8.3 Hz), 8.14 (1H, dd, J = 1.5, 8.3 Hz), 
8.40 (1H, s), 8.55 (2H, br s), 8.92 (2H, br s), 12.23 (1H, s). MS (FAB) m/z: 306 (M++H). Mp: 285–
288 ºC. Anal. Calcd for C19H19N3O·HCl·0.2H2O: C, 66.06; H, 5.95; N, 12.16; Cl, 10.26. Found: C, 
66.03; H, 5.97; N, 11.85; Cl, 9.95. 
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Methyl 9-allyl-9-hydroxy-9H-fluorene-2-carboxylate (59) 
To a cold (-20 °C) solution of 4a (17.9 g, 80.0 mmol) in THF (250 mL) was added 
2-methylallylmagnesium chloride (2 M in THF, 100 mL, 200 mmol) and the mixture was stirred at 
0 °C for 2.5 h. The reaction mixture was poured into 4 M HCl aq (90 mL) and brine (90 mL) at 
0 °C, then the aqueous layer was extracted with Et2O and the combined organic layer was washed 
with water and brine, dried over Na2SO4 and evaporated in vacuo to give the corresponding 
9-allyl-9-hydroxy compound as beige amorphous, which was used for the next step without further 
purification. To a solution of the 9-allyl-9-hydroxy compound obtained above in DMF (250 mL) 
was added NaHCO3 (20.1 g, 240 mmol) and MeI (34.0 g, 240 mmol) and the mixture was stirred at 
50 °C for 16 h, then allowed to cool. The reaction mixture was concentrated in vacuo and added 
Et2O and water. The aqueous layer was extracted with Et2O, and the combined organic layer was 
washed with water and brine, dry over Na2SO4 and evaporated in vacuo to give the title compound 
59 (22.1 g, 99% in 2 steps) as a beige solid. 
1H NMR (DMSO-d6) δ : 2.74–2.81 (2H, m), 3.88 (3H, s), 4.76–4.83 (2H, m), 5.27–5.35 (1H, m), 
7.36–7.42 (2H, m), 7.53–7.57 (1H, m), 7.80–7.84 (1H, m), 7.86 (1H, d, J = 8.0 Hz), 7.98 (1H, dd, J 
= 1.2, 8.0 Hz), 8.07 (1H, d, J = 1.2 Hz). MS (FAB) m/z: 280 (M-H). 
 
Methyl 9-hydroxy-9-(3-hydroxypropyl)-9H-fluorene-2-carboxylate (60) 
To a cold (0 °C) solution of 59 (22.1 g, 78.8 mmol) in THF (60 mL) was added BH3·THF (1 M in 
THF, 60.4 mL, 60.4 mmol) and stirred at 0 °C for 1 h. To the mixture was added water (27.6 mL) 
and 30% H2O2 aq (27.6 mL) and 3 M NaOH aq (27.6 mL, 82.7 mmol) at 0 °C, the reaction mixture 
was stirred at 60 °C for 1 h, then allowed to cool. EtOAc and water was added to the reaction 
mixture, and the organic layer was washed with brine, dried over Na2SO4 and evaporated in vacuo. 
To the resultant residue was added EtOAc and stirred at 60 °C for 1h, then room temperature for 1 
h. The precipitate was collected by filtration, washed with EtOAc, dried in vacuo at 50 °C. The 
resultant residue was suspended with MeOH and filtered to give the title compound 60 (8.61 g, 
37%) as a pale yellow solid. 
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1H NMR (DMSO-d6) δ : 0.87–0.93 (2H, m), 1.99–2.06 (2H, m), 3.16–3.20 (2H, m), 3.88 (1H, s), 
4.24 (1H, t, J = 5.2 Hz), 5.72 (1H, s), 7.38–7.42 (2H, m), 7.51–7.54 (1H, m), 7.82–7.85 (1H, m), 
7.88 (1H, d, J = 7.8 Hz), 7.98 (1H, dd, J = 1.5, 7.8 Hz), 8.03 (1H, s). MS (FAB) m/z: 297 (M-H). 
 
4',5'-Dihydro-3'H-spiro[fluorene-9,2'-furan]-2-carboxylic acid (61) 
To a cold (0 °C) solution of 60 (2.75 g, 9.22 mmol) in pyridine (28 mL) was added 
p-toluenesulfonyl chloride (3.51 g, 18.4 mmol) and stirred at 0 °C for 16 h. The reaction mixture 
was quenched by addition of water at 0 °C and stirred at that temperature for 15 min. The aqueous 
layer was extracted with Et2O and the combined organic layer was washed with 1 M HCl aq, water, 
saturated NaHCO3 aq and brine, dried over Na2SO4 and evaporated in vacuo to give the 
corresponding tosylate (3.76 g, 90%) as a pale yellow oil. To a cold (0 °C) solution of the tosylate 
obtained above (1.0 g, 2.21 mmol) in MeOH (16.6 mL) was added 1 M NaOH aq (5.52 mL, 5.52 
mmol) and stirred at room temperature for 30 min, then warmed to 60 °C and stirred for 6 h. After 
cooling, the reaction mixture was concentrated in vacuo and acidified (pH 1.0) with 1 M HCl aq at 
0 °C and the resulting precipitate was collected by filtration, washed with water, dried in vacuo at 
50 °C to give the title compound 61 (517 mg, 88%) as a white solid. 
1H NMR (DMSO-d6) δ : 2.26–2.33 (2H, m), 2.35–2.42 (2H, m), 4.24 (2H, t, J = 6.4 Hz), 7.35–7.44 
(2H, m), 7.56 (1H, d, J = 7.6 Hz), 7.82–7.87 (2H, m), 7.96–7.98 (1H, m), 7.99 (1H, s), 12.96 (1H, 
s). MS (FAB) m/z: 265 (M-H). 
 
N-(Diaminomethylene)-4',5'-dihydro-3'H-spiro[fluorene-9,2'-furan]-2-carboxamide 
monohydrochloride (62) 
The title compound was prepared in the same manner as described for 58a using 61 instead of 57a 
in 82% yield. 
1H NMR (DMSO-d6) δ : 2.25–2.32 (1H, m), 2.35–2.43 (2H, m), 2.50–2.56 (1H, m), 4.22 (1H, dd, J 
= 7.3, 13.7 Hz), 4.33 (1H, dd, J = 7.3, 13.7 Hz), 7.39–7.46 (2H, m), 7.58 (1H, d, J = 7.8 Hz), 7.88 
(1H, d, J = 7.8 Hz), 7.96 (1H, d, J = 8.3 Hz), 8.14 (1H, dd, J = 1.5, 7.8 Hz), 8.37 (1H, d, J = 1.5 
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Hz), 8.51 (2H, br s), 8.83 (2H, br s), 12.13 (1H, s). 13C NMR (DMSO-d6) δ : 26.7, 36.7, 69.2, 88.7, 
120.2, 121.1, 123.5, 123.9, 128.9, 129.5, 129.8, 130.2, 137.1, 144.2, 149.7, 150.4, 155.6, 167.1. IR 
(neat) cm-1: 3355, 1697, 1610, 1571, 1270, 1047, 750. MS (FAB) m/z: 308 (M++H). Mp: 254–257 
ºC. Anal. Calcd for C18H17N3O2·HCl: C, 62.88; H, 5.28; N, 12.22; Cl, 10.31. Found: C, 62.75; H, 
5.34; N, 12.10; Cl, 10.19. 
 
4-(4'-Methylbiphenyl-2-yl)-tetrahydro-2H-pyran-4-ol (64) 
A solution of 2-bromoiodobenzene (63, 9.34 g, 33 mmol), 4-methylphenylboronic acid (4.62 g, 33 
mmol), Na2CO3 (10.49 g, 99 mmol), and Pd(PPh3)4 (1.9 g, 1.65 mmol) in DME (140 mL) and H2O 
(70 mL) was stirred at 100 °C for 16 h, then allowed to cool. The aqueous layer was extracted with 
CHCl3 and combined organic layer was dried over MgSO4. After evaporation in vacuo, the 
resultant residue was purified by silica gel column chromatography (hexane) to give the 
corresponding 2-bromo-4'-methylbiphenyl (7.751 g, 95%) as a colorless oil. To a cold (-78 °C) 
solution of the 2-bromo-4'-methylbiphenyl (2.5 g, 10.1 mmol) obtained above in THF (50 mL) was 
added n-BuLi (1.58 M in hexane, 14.1 mL, 22.2 mmol) and the reaction mixture was stirred at 
-78 °C for 20 min. To the reaction mixture was added tetrahydro-4H-pyran-4-one (2.0 g, 20.2 
mmol) at -78 °C and the reaction mixture was warmed up to room temperature and stirred for 17 h. 
The reaction mixture was quenched by addition of brine and EtOAc, and the aqueous layer was 
extracted with EtOAc. The combined organic layer was dried over MgSO4 and evaporated in vacuo. 
The resultant residue was purified by silica gel column chromatography (EtOAc-hexane) to give 
the title compound 64 (1.81 g, 67%) as a white solid. 
1H NMR (DMSO-d6) δ : 1.44 (2H, d, J = 12.4 Hz), 1.84 (2H, dt, J = 4.6, 12.4 Hz), 2.35 (3H, s), 
3.45 (2H, dd, J = 4.6, 10.8 Hz), 3.62 (2H, t, J = 10.8 Hz), 4.83 (1H, s), 6.93 (1H, dd, J = 1.2, 7.6 
Hz), 7.15 (4H, s), 7.22 (1H, dt, J = 1.2, 7.2 Hz), 7.34 (1H, dt, J = 1.2, 7.2 Hz), 7.74 (1H, dd, J = 1.2, 
8.0 Hz). MS (FAB) m/z: 267 (M-H). 
 
2-Methyl-2',3',5',6'-tetrahydrospiro[fluorene-9,4'-pyran] (65) 
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A solution of 64 (1.34 g, 5.0 mmol) in 38% formic acid aq (26 mL) was stirred at 100 °C for 16 h, 
then allowed to cool. The reaction mixture was quenched by addition of water, brine and EtOAc, 
and the aqueous layer was extracted with EtOAc. The combined organic layer was dried over 
MgSO4 and evaporated in vacuo, and the resultant residue was purified by silica gel column 
chromatography (EtOAc-hexane) to give the title compound 65 (1.03 g, 82%) as a pale yellow 
solid.  
1H NMR (DMSO-d6) δ : 1.78 (4H, t, J = 5.6 Hz), 2.40 (3H, s), 4.03 (4H, dt, J = 2.0, 5.6 Hz), 7.20 
(1H, d, J = 8.4 Hz), 7.29 (1H, dt, J = 1.2, 7.6 Hz), 7.36 (1H, dt, J = 1.2, 7.6 Hz), 7.64 (1H, s), 7.73 
(1H, d, J = 8.0 Hz), 7.79–7.82 (2H, m). MS (ESI) m/z: 251 (M++H). 
 
Methyl 2',3',5',6'-tetrahydrospiro[fluorene-9,4'-pyran]-2-carboxylate (66) 
A mixture of 65 (1.04 g, 4.16 mmol) and water (10 mL) and pyridine (5 mL) was heated under 
reflux with KMnO4 (3.29 g, 20.8 mmol) for 1 h. After filtration over celite®, the aqueous solution 
was acidified (pH 1.0) with 6 M HCl aq at 0 °C. The aqueous layer was extracted with EtOAc and 
the combined organic layer was washed with brine, dried over MgSO4 and evaporated in vacuo to 
give the corresponding carboxylic acid, which was used for the next step without further 
purification. To a solution of the carboxylic acid obtained above in MeOH (20 mL) was added 5 
drops conc. HCl aq, and the solution was stirred at 65 °C for 14 h, then allowed to cool. The 
reaction mixture was concentrated in vacuo and added CHCl3 and water. The aqueous layer was 
extracted with CHCl3 and the combined organic layer was dried over MgSO4. After evaporation in 
vacuo, the resultant residue was purified by silica gel column chromatography (EtOAc-hexane) to 
give the title compound 66 (119 mg, 10% in 2 steps) as a colorless oil. 
1H NMR (CDCl3) δ : 1.95 (4H, t, J = 5.6 Hz), 3.95 (3H, s), 4.17 (4H, dt, J = 5.2, 5.6 Hz), 7.38–7.43 
(2H, m), 7.69–7.82 (3H, m), 8.10 (1H, dd, J = 1.2, 7.6 Hz), 8.42 (1H, s). MS (ESI) m/z: 295 
(M++H). 
 
N-(diaminomethylene)-2',3',5',6'-tetrahydrospiro[fluorene-9,4'-pyran]-2-carboxamide 
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monohydrochloride (67) 
The title compound was prepared in the same manner as described for 52c using 66 instead of 53a 
in 50% yield. 
1H NMR (DMSO-d6) δ : 1.76 (2H, dt, J = 4.9, 13.7 Hz), 1.95–2.03 (2H, m), 4.06–4.11 (4H, m), 
7.43–7.50 (2H, m), 7.97 (1H, dd, J = 1.9, 6.4 Hz), 8.03 (1H, dd, J = 1.9, 6.4 Hz),8.10 (1H, d, J = 
8.3 Hz), 8.17 (1H, dd, J = 1.0, 8.3 Hz), 8.50 (2H, br s), 8.52 (1H, s), 8.79 (2H, br s), 12.06 (1H, s). 
MS (FAB) m/z: 322 (M++H). Mp: 282–284 ºC. Anal. Calcd for C19H19N3O2·HCl·0.3H2O: C, 62.82; 
H, 5.72; N, 11.57; Cl, 9.76. Found: C, 62.91; H, 5.66; N, 11.43; Cl, 9.64. 
 
9,9-Bis(2-benzyloxyethyl)fluorene-2-carboxylic acid (69) 
To a cold (0 °C) solution of 2-bromo-9H-fluorene (68, 1.0 g, 4.08 mmol) in DMSO (8 mL) under 
Ar atmosphere was added t-BuOK (1.14 g, 10.2 mmol) and the mixture was stirred at 0 °C for 30 
min. To the mixture was added a solution of benzyl 2-chloroethyl ether (1.74 g, 10.2 mmol) in 
DMSO (4 mL) at 0 °C, and the reaction mixture was warmed up to 50 °C and stirred for 17 h. After 
cooling, to the reaction mixture was added water and EtOAc. The aqueous layer was extracted with 
EtOAc, and the combined organic layer was dried over MgSO4. After evaporation in vacuo, the 
resultant residue was purified by silica gel chromatography (EtOAc-hexane) to give 
9,9-bis(2-benzyloxyethyl)-2-bromo-fluorene as a yellow oil (1.184 g, 56%). To a solution of the 
bromide obtained above (1.18 g, 2.3 mmol) in DMF (5 mL) was added copper (I) cyanide (309 mg, 
3.45 mmol) and the mixture was stirred at 150 °C for 1 day, then allowed to cool. To the reaction 
mixture was added NH3 aq, water, benzene and Et2O, then stirred at room temperature for 30 min, 
and the resulting solid was filtered. The aqueous layer was extracted with Et2O, and the combined 
organic layer was washed with dilute NH3 aq, 1 M HCl aq, water and brine, dried over MgSO4. 
After evaporation in vacuo, the resultant residue was purified by silica gel chromatography 
(EtOAc-hexane) to give 9,9-bis(2-benzyloxyethyl)fluorene-2-carbonitrile as an orange oil (517 mg, 
49%). To a solution of the nitrile obtained above (510 mg, 1.11 mmol) in EtOH (5.6 mL) was added 
8 M KOH aq (2.8 mL, 22.4 mmol) and the mixture was stirred at 90 °C for 9 h, then allowed to 
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cool. The reaction mixture was concentrated in vacuo and added water, acidified (pH 1.0) with 6 M 
HCl aq at 0 °C. The aqueous layer was extracted with EtOAc, and the combined organic layer was 
dried over Na2SO4. After evaporation in vacuo, the resultant residue was purified by silica gel 
chromatography (EtOAc-hexane) to give dried in vacuo at 50 °C to give the title compound 69 as 
an orange oil (452 mg, 85 %). 
1H NMR (CDCl3) δ : 2.42–2.55 (4H, m), 2.87 (4H, t, J = 7.2 Hz), 4.10 (4H, s), 7.03–7.05 (4H, m), 
7.18–7.24 (6H, m), 7.38–7.40 (2H, m), 7.45–7.47 (1H, m), 7.76 (2H, d, J = 8.0 Hz), 8.13 (1H, d, J 
= 7.6 Hz), 8.18 (1H, s). MS (ESI) m/z: 477 (M+-H). 
 
Ethyl 9,9-bis[2-(p-tolylsulfonyloxy)ethyl]fluorene-2-carboxylate (70) 
To a solution of 69 (450 mg, 0.94 mmol) in DMF (4.7 mL) was added NaHCO3 (237 mg, 2.82 
mmol) and ethyl iodide (0.15 mL, 1.88 mmol) and the reaction mixture was stirred at room 
temperature for 2 days. The reaction mixture was quenched by addition of water. The aqueous layer 
was extracted with EtOAc, and the combined organic layer was washed with water, brine, dried 
over MgSO4. After evaporation in vacuo, the resultant residue was purified by silica gel 
chromatography (EtOAc-hexane) to give ethyl 9,9-bis(2-benzyloxyethyl)fluorene-2-carboxylates 
an orange oil (475 mg, quantitative). To a solution of the ethylester obtained above (470 mg, 0.93 
mmol) in MeOH (10 mL) was added Pd-C (10 wt%) (300 mg), and the reaction mixture was stirred 
at room temperature under hydrogen atmosphere for 17 h. The reaction mixture was filtered 
through celite® pad and washed with MeOH. The filtrate was concentrated in vacuo to give the 
corresponding diol, which was used for the next step without further purification. To a cold (0 °C) 
solution of the diol obtained above in CH2Cl2 (4.4 mL) was added Et3N (0.37 mL, 2.64 mmol) and 
TsCl (369 mg, 1.93 mmol) and the reaction mixture was stirred at room temperature for 5 h. The 
reaction mixture was quenched by addition of water. The aqueous layer was extracted with CH2Cl2, 
and the combined organic layer was washed with 1 M HCl aq and saturated NaHCO3 aq, brine, 
dried over MgSO4. After evaporation in vacuo, the resultant residue was purified by silica gel 
chromatography (EtOAc-hexane) to give the titled compound 70 as a colorless oil (255 mg, 46%). 
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1H NMR (CDCl3) δ : 1.45 (3H, t, J = 7.2 Hz), 2.38–2.41 (10H, m), 3.30 (4H, td, J = 2.0, 7.2 Hz), 
4.42 (2H, q, J = 7.2 Hz), 7.20 (4H, d, J = 8.4 Hz), 7.31–7.39 (3H, m), 7.43 (4H, d, J = 8.4 Hz), 7.62 
(1H, d, J = 8.0 Hz), 7.65 (1H, d, J = 8.0 Hz), 7.88 (1H, s), 8.02 (1H, d, J = 8.0 Hz). MS (FAB) m/z: 
635 (M++H). 
 
Methyl 1'-methylspiro[fluorene-9,4'-piperidine]-2-carboxylate (71) 
To a solution of 70 (250 mg, 0.39 mmol) in 1,4-dioxane (5 mL) was added 40% MeNH2/MeOH (8 
mL, 92.3 mmol) and K2CO3 (111 mg, 0.78 mmol) in seal tube, and the reaction mixture was stirred 
at 100 °C for 3 h. After cooling, the reaction mixture was concentrated in vacuo and neutralized 
with 1M HCl aq (pH 7.0), added EtOAc. The aqueous layer was extracted with EtOAc, and the 
combined organic layer was concentrated in vacuo and the resultant residue was purified by silica 
gel chromatography (EtOAc-hexane, CHCl3-MeOH) to give the titled compound 71 as a colorless 
oil (52 mg, 44%). 
1H NMR (CDCl3) δ : 2.05 (4H, br s), 2.56 (3H, s), 2.89 (4H, br s), 3.94 (3H, 2), 7.35–7.41 (2H, m), 
7.74 (1H, d, J = 6.4 Hz), 7.77–7.80 (2H, m), 8.07 (1H, dd, J = 1.6, 8.0 Hz), 8.41 (1H, s). MS (ESI) 
m/z: 308 (M++H). 
 
N-(diaminomethylene)-1’-methylspiro[fluorene-9,4’-piperidine]-2-carboxamide 
dihydrochloride (72) 
The title compound was prepared in the same manner as described for 52c using 71 instead of 53a 
in 64% yield.  
1H NMR (DMSO-d6) δ :1.63-1.71 (2H, m), 2.71-2.85 (3H, m), 3.03 (1H, br s), 3.15 (3H, d, J= 4.0 
Hz), 4.04 (2H, br q, J= 10.4 Hz), 7.48 (1H, t, J= 7.2 Hz), 7.53 (1H, t, J= 7.2 Hz) 7.68 (1H, d, J= 7.2 
Hz), 7.01 (1H, d, J= 7.2 Hz), 8.08-8.25 (2H, m), 8.60 (2H, br s), 8.92 (1H, s), 9.12 (2H, br s), 10.99 
(1H, br s), 12.58 (1H, br s). MS (ESI) m/z: 335 (M++H). 
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General Procedure for optical resolution requirement study 
To a solution of 61 (80 mg,0.3 mmol) in solvent* (0.6 mL) was added chiral amine (0.3 mmol). 
The reaction mixture was dissolved and still standing for 7–10 days at room temperature. The 
resulting precipitate was collected by filtration, dried in vacuo at 50 °C. To a solution of the crude 
salt in CHCl3 was added 1M HCl aq and stirred at room temperature for 30 min. After evaporation 
of the organic layer in vacuo, to the resulting residue was added water and 1M HCl aq The resulting 
precipitate was collected by filtration, dried in vacuo at 50 °C. 
*solvent: EtOH, 80% EtOH-H2O, MeOH, 80% MeOH-H2O, acetone, CH3CN, THF 
*chiral amine: Cinchonine, (R)-(+)-1-(1-Naphthyl)-ethylamine, Brucine dihydrate, 
(-)-Cinchonidine, (1R, 2S)-(-)-2-Amino-1,2-diphenylethanol, (1S, 
2S)-(+)-2-Amino-1-(4-nitrophenyl)-propane-1,3-diol, Quinidine, Dehydroabiethylamine, 
L-Phenylalaninol, (R)-(+)-Alpha-methylbenzylamine, (1R, 
2R)-(-)-2-Amino-1-phenyl-1,3-propanediol, (S)-1-Phenyl-2-(p-tolyl)-ethylamine 
 
(9R)-8a-Cinchonan-9-ol Mono[(S)–
4',5'-dihydro-3'H-spiro[fluorene-9,2'-furan]-2-carboxylate] (73) 
To a solution of 61 (1.0 g, 3.76 mmol) in 2-butanone (15.0 mL) was added cinconidine (1.10 g, 
3.76 mmol). The reaction mixture was heated to 60 °C, then cool down to room temperature and 
stirred for 2 h. The resulting precipitate was collected by filtration, dried in vacuo at 50 °C. The 
crude salt was recrystallized with 2-butanone for 4 times and dried in vacuo at 50 °C to give the 
title compound 73 [(S)-61·cinconidine salt] (221 mg, 21 %) as a white solid. Optical isomer (R)-61 
was observed to be 0.19% by Chiral HPLC analysis. 
(S)-61: free base of 73. [α]D20 = -4.90º (c =1.0, MeOH). 1H NMR (DMSO-d6) δ : 2.26–2.33 (2H, m), 
2.35–2.42 (2H, m), 4.24 (2H, t, J = 6.4 Hz), 7.35–7.44 (2H, m), 7.56 (1H, d, J = 7.6 Hz), 7.82–7.87 
(2H, m), 7.96–7.98 (1H, m), 7.99 (1H, s), 12.96 (1H, s). MS (FAB) m/z: 265 (M-H). 
 
2,3-Dimethoxystrychnidin-10-one Mono[(R)–
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4',5'-dihydro-3'H-spiro[fluorene-9,2'-furan]-2-carboxylate] (74) 
To a solution of 61 (600 mg, 2.25 mmol) in DMF (3.6 mL) and water (0.9 mL) was added brucine 
dihydrate (970 mg, 2.25 mmol). The reaction mixture was heated to 80 °C, then cool down to room 
temperature and stirred for 1.5 h. The resulting precipitate was collected by filtration, dried in 
vacuo at 50 °C. The crude salt was recrystallized with DMF/water for 2 times and dried in vacuo at 
50 °C to give the title compound 74 [(R)-61·brucine salt] (330 mg, 44 %) as a white solid. Optical 
isomer (S)-61 was observed to be 0.15% by Chiral HPLC analysis. 
(R)–61. free base of 74. [α]D20 = +5.28º (c =1.0, MeOH). 1H NMR (DMSO-d6) δ : 2.26–2.33 (2H, 
m), 2.35–2.42 (2H, m), 4.24 (2H, t, J = 6.4 Hz), 7.35–7.44 (2H, m), 7.56 (1H, d, J = 7.6 Hz), 7.82–
7.87 (2H, m), 7.96–7.98 (1H, m), 7.99 (1H, s), 12.96 (1H, s). MS (FAB) m/z: 265 (M-H). 
 
(S)–N-(Diaminomethylene)-4',5'-dihydro-3'H-spiro[fluorene-9,2'-furan]-2-carboxamide 
monohydrochloride ((S)–62) 
To a solution of 73 (1.28 g, 2.3 mmol) in water (22 mL) was added 1 M HCl aq (3.0 mL, 3.0 
mmol) and stirred at room temperature for 1 h. The precipitate was collected by filtration, dried in 
vacuo to give the corresponding free base (S)-61 as a white solid (95.5% ee) which was used for 
the next step without further purification. To a solution of (S)-61 obtained above in DMF (17 mL) 
was added CDI (544 mg, 3.35 mmol) and the mixture was stirred at room temperature for 1 h. To 
the mixture was added guanidine carbonate (888 mg, 4.9 mmol) and the mixture was stirried at 
room temperature for 2.5 h. The reaction mixture was poured into water and the precipitate was 
collected by filtration, washed with water, dried in vacuo at 50 °C to give (S)–
N-(diaminomethylene)-4',5'-dihydro-3'H-spiro[fluorene-9,2'-furan]-2-carboxamide (900 mg) as a 
pale yellow oil. The compound was converted to its monohydrochloride salt by treating it with 4 M 
HCl-EtOAc (0.84 mL, 3.3 mmol) in EtOH (16.5 mL). The crude salt was suspended with i-PrOH 
and filtered to give the title compound (S)–62 (358 mg, 45% in 2 steps) as a white solid. (99.4% ee) 
Optical isomer (R)-62 was observed to be 0.3% by Chiral HPLC analysis. 
[α]D20 = -9.04º (c =1.0, MeOH). 1H NMR (DMSO-d6) δ : 2.25–2.32 (1H, m), 2.35–2.43 (2H, m), 
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2.50–2.56 (1H, m), 4.22 (1H, dd, J = 7.3, 13.7 Hz), 4.33 (1H, dd, J = 7.3, 13.7 Hz), 7.39–7.46 (2H, 
m), 7.58 (1H, d, J = 7.8 Hz), 7.88 (1H, d, J = 7.8 Hz), 7.96 (1H, d, J = 7.8 Hz), 8.14 (1H, dd, J = 
1.5, 7.8 Hz), 8.37 (1H, d, J = 1.5 Hz), 8.51 (2H, br s), 8.84 (2H, br s), 12.13 (1H, s). 13C NMR 
(DMSO-d6) δ : 26.8, 37.0, 69.3, 88.9, 120.3, 121.2, 123.7, 124.0, 129.0, 129.6, 130.0, 130.3, 137.2, 
144.3, 149.9, 150.5, 155.8, 167.2. IR (KBr) cm-1: 3323, 3144, 1686, 1611, 1567, 1270, 1053, 738, 
656. MS (FAB) m/z: 308 (M++H). Anal. Calcd for C18H17N3O2·HCl: C, 62.88; H, 5.28; N, 12.22; 
Cl, 10.31. Found: C, 62.71; H, 5.26; N, 12.12; Cl, 10.13. 
 
(R)–N-(Diaminomethylene)-4',5'-dihydro-3'H-spiro[fluorene-9,2'-furan]-2-carboxamide 
monohydrochloride ((R)–62) 
To a solution of 74 (275 mg, 0.41 mmol) in water (4 mL) was added 1 M HCl aq (0.54 mL, 0.54 
mmol) and stirred at room temperature for 1 h. The precipitate was collected by filtration, dried in 
vacuo to give the corresponding free base (R)-61 as a white solid (95.8% ee) which was used for 
the next step without further purification. To a solution of (R)-61 obtained above in DMF (2.6 mL) 
was added CDI (87 mg, 0.53 mmol) and the mixture was stirred at room temperature for 1 h. To the 
mixture was added guanidine carbonate (142 mg, 0.78 mmol) and the mixture was stirried at room 
temperature for 2.5 h. The reaction mixture was poured into water and the precipitate was collected 
by filtration, washed with water, dried in vacuo at 50 °C to give (R)–
N-(diaminomethylene)-4',5'-dihydro-3'H-spiro[fluorene-9,2'-furan]-2-carboxamide (71 mg) as a 
pale yellow oil. The compound was converted to its monohydrochloride salt by treating it with 4 M 
HCl-EtOAc (0.1 mL, 0.4 mmol) in EtOH (1.8 mL). The crude salt was suspended with i-PrOH and 
filtered to give the title compound (R)–62 (59 mg, 42% in 2 steps) as a white solid. (99.9% ee) 
Optical isomer (S)-62 was observed to be 0.05% by Chiral HPLC analysis. 
[α]D20 = +8.77º (c =1.0, MeOH). 1H NMR (DMSO-d6) δ : 2.25–2.32 (1H, m), 2.35–2.43 (2H, m), 
2.50–2.56 (1H, m), 4.22 (1H, dd, J = 7.2, 13.6 Hz), 4.33 (1H, dd, J = 7.2, 13.6 Hz), 7.39–7.46 (2H, 
m), 7.58 (1H, d, J = 7.8 Hz), 7.88 (1H, d, J = 7.8 Hz), 7.96 (1H, d, J = 7.8 Hz), 8.15 (1H, dd, J = 
1.5, 7.8 Hz), 8.39 (1H, d, J = 1.5 Hz), 8.53 (2H, br s), 8.87 (2H, br s), 12.19 (1H, s). 13C NMR 
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(DMSO-d6) δ : 26.8, 37.0, 69.3, 88.9, 120.3, 121.2, 123.7, 124.0, 129.0, 129.6, 130.0, 130.3, 137.2, 
144.3, 149.9, 150.5, 155.8, 167.2. IR (KBr) cm-1: 3323, 3144, 1686, 1611, 1567, 1270, 1053, 738, 
656. MS (FAB) m/z: 308 (M++H). Anal. Calcd for C18H17N3O2·HCl: C, 62.88; H, 5.28; N, 12.22; 
Cl, 10.31. Found: C, 62.74; H, 5.30; N, 12.20; Cl, 10.09. 
 
VCD spectrum 
VCD Spectra measurements and calculations were verified using conventionally known 
techniques51). 
 
Molecular modeling 
 
Calculation of atomic charge distribution 
This caluculation was performed using the 6,5,6-membered ring structures for the sake of 
shorthand. The structures of 1’, 10’, 12’ and 26a’ were sketched in MOE30). The molecular 
conformations were optimized to the semiempirical AM1 level and electrostatic potential-fitted 
atomic partial charges were calculated using MOPAC 7.1 module in MOE. Analytic Connolly 
surfaces31) that surrounded the van der Waals surfaces of the core scaffold are generated and 
colored with red for negative charge and blue for positive charge, respectively, using the program 
MOE. 
 
Human 5-HT2B model 
The crystal structure of human 5-HT2B was obtained from the RCSB Protein Data Bank (PDB 
code 4IB438)). The BRIL was deleted and hydrogen atoms were added to the protein, using the 
Protonate3D module with the Amber12EHT force field in MOE.  
 
Homology modeling of human 5-HT7 
A homology model of human 5-HT7 was constructed using the crystal structure of 
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ergotamine-bound human 5-HT2B (PDB code 4IB4), obtained from the RCSB Protein Data Bank, 
as a structural template. Sequence alignment between human 5-HT7 and human 5-HT2B was created 
using MOE, with the ICL3 loop of 5-HT2B excluded and manual revision. Homology modeling was 
performed using MOE with the Amber12EHT force field. 
 
Docking study 
The ligand molecules were sketched in Maestro56) and energy minimized using Confgen48) with 
the OPLS_2005 force field. A docking study was performed using GOLD57). The ligand binding 
pocket was defined using the ERM position (ERM is used PDB entry 4IB4) with radius of 6 Å. The 
ligand molecule was docked 10 times. The top scoring pose, as assessed by goldscore, was 
employed for discussions. 
 
Pharmacology 
 
Binding assay of 5-HT2B receptor 
1.  Membrane preparation 
 A human 5-HT2B receptor expressing cell was prepared in accordance with a reference26). 
HEK293-EBNA cell was used as the gene transferring cell. Cultured HEK293-EBNA cells 
expressing human 5-HT2B receptor were washed with PBS(-). The cells were scraped in the 
presence of PBS(-), and the cells were recovered by centrifugation (1000 rpm, 10 min, 4 ºC). They 
were homogenized using Polytron (PTA 10-TS) in the presence of 5 mM Tris-HCl (pH 7.4) buffer 
and centrifuged (40,000 xg. 10 min, 4 ºC). They were suspended using a homogenizer in the 
presence of 50 mM Tris-HCl (pH 7.4) buffer. They were subjected to centrifugation (40,000 xg, 10 
min, 4 ºC), suspended in 50 mM Tris-HCl (pH 7.4) and stored at -80 ºC. 
 
2.  Receptor binding assay 
 A total volume of 500 μL containing 50 mM Tris-HCl-4 mM CaCl2 (pH 7.4) buffer, the human 
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5-HT2B receptor expressing HEK293-EBNA cell membrane preparation and a radio ligand [3H] 
Mesulergine (3.1 TBq/mmol) was incubated at 25 ºC for 1 h. The compound was dissolved in 
100% DMSO and diluted to respective concentrations. Nonspecific binding was defined as the 
binding quantity in the presence of 1 μM ritanserin, and the result of subtracting the nonspecific 
binding quantity from the total binding quantity was defined as the specific binding quantity. This 
was mixed with 4 mL of 50 mM Tris-HCl buffer (pH 7.4) and filtered under at reduced pressure 
using a GF/B glass filter, and the filter was washed (4 mL x 3) with the same buffer. The glass filter 
was soaked in 5 mL of a liquid scintillator (Aquasol-2) and the radioactivity was measured using a 
liquid scintillation counter. Concentration of the compound which inhibits 50% of the receptor 
binding, IC50 value, was obtained by nonlinear regression analysis using SAS (ver. 6.11), and the Ki 
value which represents its affinity for the receptor was calculated using the formula of Cheng and 
Prussoff28); Ki =IC50/(1 +[L]/[Kd]) ([L]:ligand concentration, [Kd]: dissociation constant). 
 
Binding assay of 5-HT7 receptor 
1.  Membrane preparation 
A human 5-HT7 receptor expressing cell was prepared in accordance with references27). CHO cell 
was used as the gene transferring cell.  
Cultured CHO cells expressing human 5-HT7 receptor were washed with PBS(-). The cells were 
scraped in the presence of PBS(-), and the cells were recovered by centrifugation (1000 rpm, 10 
min, 4 ºC). They were homogenized using Polytron (PTA 10-TS) in the presence of 5 mM Tris-HCl 
(pH 7.4) buffer and centrifuged (40,000 xg. 10 min, 4 ºC). They were suspended using a 
homogenizer in the presence of 50 mM Tris-HCl (pH 7.4) buffer. They were subjected to 
centrifugation (40,000 xg. 10 min, 4 ºC), suspended in 50 mM Tris-HCl (pH 7.4) and stored at -80 
ºC. 
 
2.  Receptor binding assay 
A total volume of 500 μL containing 50 mM Tris-HCl-4 mM CaCl2 (pH 7.4) buffer, the human 
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5-HT7 receptor expressing CHO cell membrane preparation and a radio ligand [3H]5-HT (3.40 
TBq/mmol) was incubated at 25 ºC for 1 h. The compound was dissolved in 100% DMSO and 
diluted to respective concentrations. Nonspecific binding was defined as the binding quantity in the 
presence of 10 μM metergoline, and the result of subtracting the nonspecific binding quantity from 
the total binding quantity was defined as the specific binding quantity. This was mixed with 4 mL 
of 50 mM Tris-HCl buffer (pH 7.4) and filtered under at reduced pressure using a GF/B glass filter, 
and the filter was washed (4 mL x 3) with the same buffer. The glass filter was soaked in 5 mL of a 
liquid scintillator (Aquasol-2) and the radioactivity was measured using a liquid scintillation 
counter. Concentration of the compound which inhibits 50% of the receptor binding, IC50 value, 
was obtained by nonlinear regression analysis using SAS (ver. 6.11)，and the Ki value which 
represents its affinity for the receptor was calculated using the formula of Cheng and Prussoff28); Ki 
= IC50/(1 + [L]/[Kd]) ([L]:ligand concentration, [Kd]:dissociation constant). 
 
Binding test of 5-HT2A, 5-HT2C, αl, M1 and D2 receptors 
Affinity of the compounds for 5-HT2A, 5-HT2C, αl, M1 and D2 receptors were verified using 
conventionally known techniques 32-35). 
 
PI metabolism assay 
HEK293-EBNA cells expressing human 5HT2B receptors were seeded on collagen I-coated 
24-well plates at the density of 1 × 105 cells/well and cultured overnight at CO2 incubator (37 °C, 
5% CO2). At the next day, wells were labeled with [3H]-myo-inositol (3 µCi/mL) and cultured for 
overnight. At the third day, labeled cells were washed with PBS (137 mM NaCl, 2.68 mM KCl, 
1.05 mM MgCl2, 0.9 mM CaCl2, 8.1 mM Na2HPO4, 1.47 mM KH2PO4) and incubated for 20 min 
at 37 °C. After incubation, cells were further incubated with test compounds (0.3-10,000 nM, 
geometric ratio: approximately 3) in PBS including 10 mM LiCl (PBS-Li) for 20 min at 37 °C. 
After incubation, reaction was started by exchanging to 5-HT and test compound including PBS-Li. 
After incubation (20 min at 37 °C), reaction was terminated by exchanging reaction mixture to 1 
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mL of ice-cold 0.2 M perchlolic acid. After standing (1-3 h at 4 °C), 100 µL of 2 M KOH and 50 
µL of 100 mM EDTA-Na were added into each well and mix. One mL of reaction extract was 
added to AG1 8 columns (BIO-RAD, CA, USA), and washed with 7 mL of wash solution (5 mM 
Sodium tetraborate, 60 mM Sodium formate). IPs were extracted by addition of 4 mL of elution 
solution (0.1 M Formate, 1 M Ammonium formate), and whole elute were collected into liquid 
scintillation vials. Radioactivity of the elute were counted using liquid scintillation counter. IC50 
values against 5-HT-induced IPs accumulation were calculated from the non-linear regression 
analysis using SAS ver.8.2. Final values were represented as the means of three separate 
experiments. 
 
cAMP production assay 
CHO cells expressing human 5HT7 receptors were seeded at the density of 5 × 104 cells/well on 
96-well plates and cultured overnight in a CO2 incubator (37 °C, 5% CO2). At the next day, wells 
were washed twice with PBS-IBMX-ascorbate (137 mM NaCl, 2.68 mM KCl, 1 mM MgCl2, 0.85 
mM CaCl2, 8.1 mM Na2HPO4, 1.47 mM KH2PO4, 1 mM isobutylmethylxantine and 1 mM 
L-(+)-ascorbic acid) and incubated for 20 min at 37 °C. After incubation, reaction was started by 
exchanging to PBS-IBMX-ascorbate including agonists and antagonists (1-10,000 nM, geometric 
ratio: approximately 3). After incubation (10 min at 37 °C), reaction was terminated by exchanging 
the reaction mixture to 50 µL of ice-cold 0.1 M HCl. After standing for 1 h at 4 °C, 5 µL of 1 M 
NaOH was added into wells and mix. Cyclic AMP level was determined using Biotrak cAMP EIA 
System. The IC50 and maximal inhibition (Imax) values were calculated from the non-linear 
regression analysis using SAS ver.8.2. Final values were represented as the means of three separate 
experiments. 
 
5-CT model 
In this test system, reverse effect on the hypothermia induced by 5-carboxamidotryptamin (5-CT) 
maleate was evaluated by measuring body temperature in the presence of a compound to be tested, 
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and this was carried out with the method reported by Guscott et al 44).  
Male ddY mice (Japan SLC Inc., Shizuoka, Japan) weighing 28 to 34 g were used. 5-CT was 
purchased from Tocris (Bristol, UK). 5-CT was dissolved in saline and the dose was set at 0.1 
mg/10 mL/kg in terms of the free base. The test drug was administered orally followed by 
subcutaneous injection of 5-CT. Core body temperature was electronically measured (‘Physitemp’ 
thermometer model BAT-12; Physitemp Instruments Inc., Clifton, US) using a rectal probe. 
Following lubrication with liquid paraffin, the temperature probe was inserted for approximately 5 
sec until a stable temperature reading was obtained. A basal value was measured immediately 
before any dosing and measurements were started at 60 min after the administration of the test drug 
and 5-CT. 
 
Suppressing effect on 5-HT-induced dural plasma protein extravasation in guinea pigs 
In this test system, suppressing effect was evaluated by measuring leaked protein in the presence 
of a compound to be tested, and this was carried out by partially modifying the method reported by 
Spokes et al 58).  
The male Hartley guinea pigs (250-350 g) were anesthetized by peritoneal administration (i.p.) of 
urethane (1.5 g/kg). By applying simple canulation to femoral vein, 50 mg/kg of a fluorescent 
protein (FITC-BSA) was intravenously administered (i.v.) and 5 min thereafter, physiological 
saline or 1 μM of 5-HT was intravenously administered. By carrying out perfusion with 
physiological saline 15 min thereafter, blood was washed out. 
Compounds RS-127445, SB-269970 and 26a were intraperitoneally administered, or compounds 
26a, 50a, 62, (R)-62 and (S)-62 were orally administered, 30 minutes before administration of the 
fluorescent protein. By detaching the skull, dura mater was took out and incubated at 37 ºC for 16 
hours in a tube in the presence of physiological saline of pH 11. Centrifugation was carried out, and 
the supernatant was dispensed into a plate. Fluorescence intensity was measured using an 
fluorescence plate reader (excitation wavelength 485 nm, absorption wavelength 530 nm). By 
measuring dura mater weight, fluorescence intensity per mg dural protein was calculated. 
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Aqueous solubility 
To 13 μL of a 10 mM DMSO solution of a test compound that had been prepared in advance was 
added exactly 1 mL of a second liquid (pH 6.8) for a disintegration test of Japanese Pharmacopoeia, 
followed by shaking at 25 °C for 20 h, thereby giving a sample stock solution. Next, using a filter 
impregnated with 200 μL of the sample stock solution, 200 μL of a fresh sample stock solution was 
added for filtration to obtain a liquid, which was taken as a sample solution. Separately to this, to 
10 μL of the 10 mM DMSO solution of the test compound was added accurately 1 mL of methanol, 
followed by stirring, thereby giving a standard solution. 10 μL portions each of the sample solution 
and standard solution were tested by liquid chromatography, and the ratio of the peak area of the 
sample solution to the peak area of the standard solution was determined, thereby calculating the 
solubility. 
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